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(54) Tide: LOW MOLECULAR WEIGHT PEPTIDOMIMET1C GROWTH HORMONE SECRETAGOGUES 

(57) Abstract 

The present invention com- 
prises growth hormone releasing 
pepddes/pepudomimeucs (GHRP) capable 
of causing release of growth hormone from 
the pituitary. Compositions containing 
the GHRP's of this invention are used to 
promote growth in mammals either alone or 
in combination with other growth promoting 
compounds, especially IGF-1. In a method 
of this invention GHRP's in combination 
with IGF-1 are used to treat Type II 
diabetes. An exemplary compound (1) of 
this invention is provided above. 
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LOW MOLECULAR WEIGHT PEPTIDOMIMETIC GROWTH HORMONE 

SECRETAGOGUES 

FIELD OF THE INVENTION 
5 The invention relates to synthetic peptidomimetics having growth hormone releasing 

activity in mammals. The peptidomimetics of this invention axe used to stimulate the release of 
endogenous growth hormone (GH) in mammals needing elevation of serum growth hormone 
levels. 

10 BACKGROUND OF THE INVENTION 

GH secretion is known to be inhibited by the hypothalamic hormone somatostatin (SS) 
and stimulated by GH-releasing hormone (GHRH) in all mammalian species studied including 
humans. In man, GH is released from the anterior pituitary somatotrophs in pulsatile secretory 
bursts occurring about 4-3 times in each 24 hour period (Devesa, J., et al t Trends Endocrinol 

15 Metab.. 3:175-183 [1992] and Mason, W. T, et al, Acta Paediatr Suppl 388:84-92 (1993]). This 
episodic release pattern seems to be optimal for inducing the physiological effects of GH since 
many target tissues appear to be more sensitive to the frequency than the total amount of GH 
arriving at the target tissue (Robinson and Clark Growth Hormone : Basic and Clinical Aspects 
Isaksson, Binder, Hall and Hokfelt eds., Amsterdam, pl09-127 [1987]). It is believed the 

20 episodic secretion of GH is caused by the rhythmic alternate release of the excitatory 44-amino 
acid peptide GHRH and the inhibitory tetradecapeptide SS, regulated through the "pituitary- 
hypothalamus axis" (see Figure 1). Secreted GH, in turn, both directly and indirectly through 
IGF-1 appears to maintain this rhythm by stimulating SS and inhibiting GHRH release. Other 
neurotransmitters also modulate GH release usually by stimulating or inhibiting SS release. 

25 Additionally, other factors including exercise, sleep, glucocorticoids, thyroid hormones (e.g. 
TSH), sex steroids (e.g. testosterone and 17-0 estradiol), free fatty acids, amino acids (e.g. 
arginine and ornithine), and glucose levels further modulate GH release. 

In addition to the two primary endogenous regulators of GH release, SS and GHRH, a 
number of other peptidyl/nonpeptidyl compounds have been shown to stimulate GH release 

30 primarily through the pituitary-hypothaiamus axis. These include the peptides galanin, 
pituitary adenylate cydase-activation peptide (PACAP), delta sleep-inducing peptide (DSIP), 
and angiotensin II. These peptides, however, generally lack specificity for GH release. A 
number of structurally diverse nonpepndyl GH secretagogues (e.g. Talipexole and Clonidine) 
are reported to stimulate GH release in vitro and in vivo, but these compounds are believed to 

35 mediate their effect through cholinergic, adrenergic, dopaminergic or serotonergic pathways 
and thus also lack GH releasing specificity. 

Apart from GHRH, the GH secretagogues having the greatest GH releasing specificity 
and thus having the greatest therapeutic potential are the growth hormone releasing 
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^P'^ry-hyp.^^^ "* (»**)> H*se compound 

CH release by the oppose ^ ^ < *»' h ""° — I— o, 

^"^.compo^ „, CM "" uo " s "P""" «*h ft. 

" '*P«ta»ttl eite™ for compo> . PP °" "*1»«<»« P-h«y model end serve 

The paradigm compounds of the GHRP ri 
derived GHRP's identified by Bowers * al E^JH ^ melhi — nkephaiin 

1545 1 ^ *- ^en shown; to Be 

is well touted, and can e,evate sTru^GM h "° ^ ^ ta 

humans (Bowers, , P^. £ ^ w/ » 0^^" * 

manner when administered either iv zntranaJ ' " aCtive * a dependent 

» (-0-3%). More potent second gen ^ 

* -wn as KP 1 02) , of ~ JTT J^T ^*^ > ~*" - 
compoundsarealsoexpectedtobepoowy absorbed 0^ ~ ^ *~ 



30 H«-D Trp-Ala-Trp-D Phe-Lys-NH-, 

(HwAWfK-NH2) 
GHRP-6 

Ala-His-D PNal-Ala-Trp-D Phe-Lys-NH 2 
35 (AHbAVVfK-NH2) 

GHRP-l 
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D Ala-D pNal-Ala-Trp-D Phe-Lys-NH2 
(abAWfK-NH2) 
GHRP-2 

5 More recently, nonpeptidyl benzolactam GH secretagogues that appear to use the same 

alternative signal transduction pathway as GHRP-6 have been described (Smith, R.G. et al, 
Science 260:1640-1643 [1993] and U.S. Patent No. 5,206,235). The benzolactam L-692,429 in 
combination with GHRP-6 at concentrations that maximally stimulated GH release produced 
no additional GH release. Conversely, GHRH and L-692,429 were reported to give a 
10 synergistic increase in GH secretion. GHRH and L-692,429 were also reported to effect a 
common transient desensitation pattern indicating these compounds opperate through a 
common receptor pathway. L-692,429 is reported to be about 6-fold less potent that GHRP-6 
and to be specific for GH release, except for some in vivo ACTH and Cortisol release. 




L-692,429 



15 A more potent analogue of L-692,429 having a potency in the rat pituitary cell assay 

slightly greater than GHRP-6 has also been reported (Schoen W. R. et al, Bioorg. & Medicinal 
Chem. Lett 4:1117-1122 [1994]). This compound, L-692,585, presumably causes GH release by 
the same alternative pathway as GHRP-6. 
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A number of these compounds (e o "rtrop , t * M 

i— «*— JJ r «,^' ~ " h '" ,MS - h °— — 

5 

OBJECTS OF THE INVENTION 

It is an object of this invention to provide novel GH ~— 

-lease of endogenous growth hormone J rnamLT tTa^T ^ " 

-retagogues that provide a synergistic inJ^^^ T ^ * GH 

It is still a further object of th e °" ^ C0B,Wned With GHRH 

er ob J ect of this invention to provide more oo»«,» ru 
10 of the prior art, especiaUy "GHRP-6" "GHRP i •• "rnjD P°tent GH secretagogues than those 

significant release of other hormones, especially LH FSH TSH " ° ^ 

oxytocin, insulin and Cortisol These J^T ^ ' 

the following specincanoT' ^ * ^ ^ * *P«* 

15 

SUMMARY OF THE INVENTION 
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B may optionally be selected from the group a covalent bond, and 
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, and Ci-Qalkyl substituted with 0 

25 and ^^1^^^^" "T" ^ " ~« "* 

unsubsututed heterocyde, preferably indoyl substituted with (R4u 

30 



"(R 5 )o 



Arl and Ar2 are independently selected from hydrogen, and Q-C^,- 
when RB er R C are L l_Arl or * 1 



35 



\ V 

TV 



=V)n 



(R 5 )c 



Ar 3 is selected from the group 
Ar3 is selected from hydrogen, and Q-Qalkyl; 



, and 



(R 4 )n 
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whenR D isL 3 -Ar 3 ; 

Ar 1 together with a, Ar 2 together with b and Ar 3 together with c, each pair together 
with the carbon to which they are attached may independently form a 5 or 6 member 
carbocyclic ring; 

5 a # b and c are independently selected from hydrogen, and Ci-C^alkyl; 

n and o are independently 1, 2 or 3; 

L 1 is selected from -CH2-O, -CH2-CH2-CK -CH2-, -CH2-CH2-, and -CH2-CH2-CH2-; 
L 2 and L 3 are independently selected from a covalent bond, -O, -OCH2-, -N(R C )-Q, 

andL 1 ; 

10 Q is selected from the group -L 2 -, -S(=0)2-L 2 -, -C<=0)-, -C(=0)-0, -CH(X)-, and 

-CH(x>-CH2-; 

R A is selected from the group Cn-C3alkyl-heterocycle where the heterocyde comprises 
a mono-, bi-, or tricycle containing 5-12 ring atoms, one or two of which are heteroatoms 
selected from O, S, and N, provided at least one heteroatom is N, where any N atom is 
15 optionally substituted with R 1 , Cn-Cealkyl substituted with one or two substituents selected 
from the group NR 2 R 3 , imidazolinyl, pyridinyl, dihydropyridinyl, and piperidinyl; 

R B , R c and R D are selected from the group R A , I^-Ar 1 , l^-Ar 2 , hydrogen, Ci-C6alkyl, 
and halo(F, CI Br, I)Ci-C6alkyl; 

R A and R B together with the N to which they are bonded may form a 5- or 6-member 
20 heterocyde, optionally containing one additional heteroatom selected from O, S, and N where 
any N is optionally substituted with R 1 , any carbon is optionally substituted with R 6 and 
where the heterocyde is optionally fused to a phenyl ring, optionally substituted with R 4 ; 

R 1 is selected from hydrogen, Ci-C^alkyl, C(=OKl-C6alkyl, C(=0)-NR 2 R 3 , C(=NR 2 )- 
NR 2 R 3 , C(=0)0-Ci-C6alkyl, and halo(F, CI, Br, I)Ci-C6alkyl, hydroxyCi-Cfcalkyl, 
25 dihydroxyCi-C6alkyl; 

R 2 and R 3 are independently selected from R*and piperidinyl; 

R 2 and R 3 together with the N to which they are bonded may form a 5- or 6-member 
heterocyde, optionally containing one additional hetero atom selected from O, S, and N where 
any N is optionally substituted with R 1 , any carbon is optionally substituted with R 6 and 

30 where the heterocyde is optionally fused to a phenyl ring, optionally substituted with R 4 ; 

R 4 and R^ are independently selected from the group hydrogen, halo(F, CI, Br, and I), 
cyano, amino, amido, nitro, hydroxy,Ci-C6alkyl optionally substituted with 1-3 R^, C2- 
C^alkynyl optionally substituted with 1-3 R 6 , Ci-C6alkyloxy optionally substituted with 1-3 
R*>, Ci-Cfcacylamino optionally substituted with 1-3 Ci -Chalky lcarbonyl optionally 

35 substituted with 1-3 R 6 , Ci -Chalky loxycarbonyl optionally substituted with 1-3 R 6 , N-(Ci- 
C6alkyl)JsI-(Ci-C6acyl)amino optionally substituted with 1-3 R 6 , N-(Ci-C6alkyl)carboxamido 
optionally substituted with 1-3 R*\ N,N-di(Cn-C6alkyl)amino optionally substituted with 1-3 
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** HN^Q-QallcyDcarboxaaudo optionally substituted with 1-3 R 6 Cl -^ n 

and Ci-C 3pe rfluoroalkoxy; R ' ^-^P^uoroalkyl, 

R 6 is selected from the group COOR2 ntr 
» ! C«'.« 1 d 4 * M »,^ " CO ° R ' 0 ' C = 0 "< 2 -CONR2 R 3, cy „ 0 , ^3 

ana i;,eyano, amino, anudo,nitro, hydroxy Ci-r*,wi.~ ,, , «V»U.»r. 
Mn -**" t ' "^l -C«.Ikyl option.!!, substtaM „ m U2 
10 V is selected (ra„ u,, pm -(C«D).rA c , , . 

~t " I""* — be, 

C £a .lr„i ' C2 C 6allcyenyl optionally substituted with l 2 p7 r 

C 6 alkyloxy ophonally substituted with 1-2 R 7 and n - . A . , 2 R ' Cl ' 

20 acceptable salts thereof. P'Pendmyl; and pharmaceutical^ 

Ar 1 

Ar N'T N Y X 

R B O 2 L 

Ar 2 

II 

where the symbols in formula II are defined as follows: 
5 Arl and Ar2 are each independently selected from indoyl ^V)b 

\\ . 
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n and o are independently 1, 2 or 3; 

Ll is selected from -CH2-O-, -CH 2 -CH 2 -0- -CH2-, -CH2-CH2-, and -CH 2 -CH 2 -CH 2 -; 
L 2 is selected from a covalent bond, -O. and L 1 ; 

R A is selected from the group Co-C3alkyl-heterocycle, -0^o-C3alkyI-heterc«ycle, and 
5 -NR2-C 2 -C 6 alkyl -heterocycle, where the heterocycle comprises a mono-, bi-, or tricycle 
containing 5-12 ring atoms, one or two of which are heteroatoms selected from O, S, and N, 
provided at least one heteroatom is N, where any N atom is optionally substituted with R\ Cq- 
C6alkyl substituted with one or two substituents, 0-C 2 -C 6 alkyl substituted with one or two 
substituents. and NR2-C 2 -C 6 alkyl substituted with one or two substituents where the 
10 substituents are selected from the group Nr2 r 3 inudazolinyl, pyridinyl, dihydropyridinyl, 
and piperidinyl; 

R B and R<= are selected from the group hydrogen, Ci-C6allcyl optionally substituted 
with a group selected from NR2r3 and phenyl-Ci-C 3 -NR2 R 3 md Q Br DQ-Cealkyl; 

R 1 is selected from hydrogen, Ci-C6alkyl, C(=OKl-C6alkyl, C(=0)-Nr2r3 C(=NR 2 )- 
15 NR2r3, C(=0)O-C 1 -C 6 alkyl. and halo(F, CI, Br, I)Q -C 6 alkyl. Cj-Cfialkoxyalkyl or 
(hydroxylalkyl); 

R 2 and R3 are independently selected from hydrogen, Ci-Qalkyl, piperidinyl, and 
halo(F, a Br. I)Ci-C6alkyl; 

R 2 and R3 together with the N to which they are bonded may form a 5- or 6-member 
20 heterocycle, optionally containing one additional hetero atom selected from O, S, and N where 
any N is optionally substituted with Rl, any carbon is optionally substituted with R* and 
where the heterocycle is optionally fused to a phenyl ring, optionally substituted with R*- 

R 4 and R 5 are independently selected from the group hydrogen, halo(F, CI, Br, and I), 
cyano, amino, amido, nitro, hydroxy, Ci-C6alkyl optionally substituted with 1-3 R 6 , C 2 - 
25 C 6 alkynyl optionally substituted with 1-3 R*, Ci-C6alkyloxy optionally substituted with 1-3 
R 6 , Ci-C 6 acylamino optionaUy substituted with 1-3 R*. Ci-C 6 alkylcarbonyl optionally 
substituted with 1-3 R 6 , Ci-C6alkyloxycarbonyl optionaUy substituted with 1-3 R 6 , N-(Ci- 
C^alkyl)>I-(Ci-C^cyl)arruno optionaUy substituted with 1-3 R« N-(Ci-C 6 aUcyl)carboxamido 
optionaUy substituted with 1-3 R* N,N-di(Co-C6alkyl)amino optionaUy substituted with 1-3 
30 R 6 , N,N-di(Ci-C6alkyl)carboxamido optionaUy substituted with 1-3 R 6 , Ci-Qperfluoroalkyl, 
and Ci-C3perfluoroalkoxy; 

R 6 is selected from the group COOR2 0(C=0)R2, CONR2r3, cy^o, N r2r3 
NR2COR 3 , azido, nitro, and hydroxy; 

X is selected from the group hydrogen, oxo (=0), COOR 2 , CONR 2 R^ Q)-C6alky]-0- 
35 Ci-C6alkyl optionally substituted with 1-2 R*, and Ci-C6alkyl optionally substituted with 1-2 
R 6 ; and pharmaceutically acceptable salts thereof. 

Alternative compounds of this embodiment may be represented by formula Ila-IIg 
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where Ar 1 , Ar 2 , R B , rC Rl, R 2 R 3 r 6 q and X are defined above, and p is 0, 1 or 2. 
Optionally the Ar 1 , Ar 2 , R^ rC R l f R 2 R 3 R 6 ^ x are defined ^ follow5: 



Ar 1 and Ar 2 are each independently selected from indoyl, and 
5 R B and R c are selected from the group hydrogen, and methyl; 

R 1 is selected from hydrogen, Q-Coalkyl, C2-C6alkyl substituted with 1 or 2 hydroxy 
groups, C(=OKl-C6alkyl, C(=0)-NR 2 R 3 , C(=NR 2 )-NR 2 R 3 C(=0)CMZ 1 -C 6 alkyl and halo(F, 
a Br, IJCi-Qalkyl; 

R 2 and R 3 are independently selected from hydrogen, Ci-C6alkyl, piperidinyl, and 
10 halo(F,a,Br,I)Ci-C6alkyl; 

R 2 and R 3 together with the nitrogen to which they are attached may form piperidinyl, 
pyrroylidinyl, piperazinyl, and morpholinyl; 

R 6 is selected from the group COOR 2 0(C=0)R 2 , CONR 2 R 3 cyano, NR 2 R 3 
NR^OR 3 azido, nitro, and hydroxy; 
15 x « selected from the group hydrogen, oxo (=0), COOR 2 , CONR 2 R 3 , Co-C6alkyl-0- 

Ci-C6alkyl optionally substituted with 1-2 R 6 , and Ci-C^alkyl optionally substituted with 1-2 
R6; and pharmaceutical^ acceptable salts thereof. 

In an alternative embodiment of the invention the compound is represented bv 
structural formula IIMIIi 

Ar 1 

O 1 L' R c O 

R B O 2 L R D 
Ar 2 

III 




-li- 




35 
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Rl Ar, \ ri Ri 



Ulf 



At, 



o ; o 

i Ar 2 



uig 

AT, 

N > O 

R .tO o ; 

R 1 Ar 2 



R° 
I 



, and 



IHh 

Ar, 

o ; 

R 1 Ar 2 



R D 
I 

Y 



Illi 

where the symbols in formula ID-mi are defined as follows: 

Ar 1 and Ar 2 are each independently selected from indoyl, * R * n , and 



n and o are independently 1, 2 or 3; 

L 1 and L 2 are independently selected from -CH2-O, -CH2-CH2-CH2-O -CH2-, -CH2- 
CH2-, and -CH2-CH2-CH2-; 

-13- 



WO 96/15148 

PCT/US95/14968 

NR .Q-C^y, -hetero^e. whm „, a ^ w ^ 

»».amn g s.,2 ring .torr*. „« or ,„„ 0( wWdi ^ hettrMtoms from o S and N 

"f ~ " "~ °*<*>» — — -» - 

stents, and N*.C 2 -C 6 a*y, mkmuM ^ „ „ ,„„ subsiiturats whe -- 

NR2.3 a LwnT C, - C6a%1 ' <**K»-eW hydroxy.,.,, c,.0^ 

R and R 3 are independently selected from hydrogen Ci-G^lkvl nin*riH- , , 
15 ha,o(F.dBr.I)C 1 -C 6 alkyl; S«. C] Csalkyl, p.pendtnyl. and 

R* and *> to g «her „,«, the N to which they are bonded may form a S. „ 

1 N ; wtth *' -» — » ^ r. ; 

«h« the heterooyde „ ^ ^ 

cy.no. ar^no. ^ n^c,^, ^ ^ ^ >• 

C^yny, option*,, .uoshh,^ with ,., RO. C.-C^u.xy ophonany suited with ,-3 

suited mtt , M R6. C^eaUy.oxycartK.y, „p n „a Uy sll08atuled „ i(h J / " 

22 rr*" nr* subs, ""' ed ^ * "«<«-Ji 

• nrw is " om ,he 8roui> coo,,2 • o<c -° )r2 ' conr2r3 - ™- 2 * 3 - 

w NR^COR^ azido, nitro, and hydroxy; 

R7 is selected fro m the group ^ and Q-C^, opHonaHy substituted with ha.o(F 
CI, Br. and I), cyano, amino, amido. nitro, hydroxy. C^perfluoroalkyl, and C,- 
C3perfluoroalkoxy; 1 

Y is selected from the group C-Qalkyl substituted with 1-2 R 7 C^kynyl 

• o P t 10 na U y substituted with 1-2R7 C 2 -C 6 alkyenyl optionally substituted with L2 R 7 
Cealkyloxy optionaUy substituted with 1-2 R 7 ^ pharmaceutically acceptable salts thereof 
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In a further alternative embodiment of this invention the compound is represented by 
structural formula IV 



Ar 1 Ar 3 



R B O V R° O 




Ar 2 
IV 

where the symbols of formula IV are defined as follows: 

Ar 1 and Ar 2 are each independently selected from indoyl, (R ,n , and 




Ar 3 is selected from the group ^ ^ , and ^ ^ n ; 

n and o are independently 1, 2 or 3; 

R A is selected from the group Co-Caalkyl-heterocycle, -OCo-C3alkyl-heterocycle, and 
-NR2-C 2 -C6alkyl -heterocycle, where the heterocycle comprises a mono-, bi-, or tricycle 
containing 5-12 ring atoms, one or two of which are heteroatoms selected from O, S, and N, 
provided at least one heteroatom is N, where any N atom is optionally substituted with R 1 , Co- 
Cealkyl substituted with one or two substituents, 0-C 2 -C6alkyl substituted with one or two 
substituents, and NR 2 -C2-C6alkyl substituted with one or two substituents where the 
15 substituents are selected from the group NR 2 R 3 imidazolinyl, pyridinyl, dihydropyridinyl, 
and piperidinyl; 

R B , R c , R D , and R E are selected from the group hydrogen, Ci-CsalkyI optionally 
substituted with a group selected from NR 2 R 3 and phenyl-Ci-C3-NR 2 R 3 , and ha!o(F, CI, Br, 
I)Ci-C6alkyI; 

R 1 is selected from hydrogen, Chalky], C(=0)-Cl-C6alkyl, C(=0)-hydroxyalkyl 
NR 2 R 3 C(=NR 2 )-NR 2 R 3 , C(=0)OCi-C6alkyl, and halo(F, CI, Br, I)Ci-C6alkyl; 
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«*a ZZZZT"' ^ ta « - 

* md R3 ^ „ ith fc N w whidi ^ are bo„ded ray fonI , . 5. or 

5 any N is optionally substituted with Rl an „ . w .a.anaiNwhere 

where th, hi , • ' * * subs «™«* with R 6 and 

.herethehete^opu^^ 

R and R5 are independently selected from the group hydrogen halofF CI Br . A n 
cyano, amino, amido, nitro hvdroxvr, r n , ( ' l) ' 

C^v , , "yd'o^C-Cgalkyl optionally substituted with 1-3 R 6 C > 

Qalkynyl optionally substituted with 1-3 R* Ci-C«lkvlo*v ™« ,. u 
10 R 6 rir/ „, . 1 ^-Wtyoxy optionally substituted with 1-3 

10 R ,Ci-C 6 acylamino optionally substituted with 1-3 R6 r , r ,u . u 

substituted with 1-3 R6 r, r n, , CKfialkylcarbonyl optionally 

JZ^ 1 R ' ^Ikyloxycarbonyl optionally substituted with 1-3 R 6 N . (Cl . 
CsalkyWd-QacyDamino optionally substituted with 1-3 R 6 N-(C,-0;alkvlV H 1 
optionally substituted with 1-3 R 6 N^-di(QvC«lkvn ^^arboxanudo 
r6 n N-difCi-Calkvlv ^ d,(QK:6alk y ,)anuno substituted with 1-3 

^ and CrC3^^^^^y^° Xaim substitute d with 1-3 R6 Ci-C4perfluoroalkyI, 

^i;::r:::;::r p coor '°™ *** 

R^selectedfromthegroupRe Cs-Cxoary, optionally substituted with halo(F ( CI Br 

«^r^^r substituted with 12 

r y sntuted w,th 1-2R , Cz-Qalkyenyl optionally substituted with 1-2 R 7 an d Cl _ 
Cealkyloxy optionally substituted with 1-2 R? 1 
Z and RE together with me N t<> ^ ^ ^ ^ 

he ^-P«-llycontainmgoneaddition^ 

i^r^r^ with * -* carbon 15 « — - 

where th^heterocycle . optionally fused to a phenyl ring; and pharmaceutical* acceptab, 
An optional compound of this embodiment is Resented by sti^ctural FormuU (,Va) 
1 Ar v Ar 3 

i R .lO R B o I R D J = R 

Ar 2 



NH 2 

IVa 
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where the symbols in formula I Va are defined as follows: 

R B , R c , R D and R E are selected from the group hydrogen, and Ci-C^alkyl; 



1 0 \ ff 

Ar 1 and Ar^ are each independently selected from indoyl, and 



At 3 is selected from the group , and n ; 

5 R F is selected from the group OH, Ci-Qalkyloxy, NR 5 R 6 , and 1 to 4 a-amino acid 

residues; 

R 4 is selected from hydrogen, halo(F, CI, Br, and I), cyano, amino, amido, nitro, 
hydroxy, Ci-Qalkoxy, Ci-C4perfluoroalkyl, and Ci-C3perfluoroalkoxy; 

R 5 and R 6 are independently selected from hydrogen, and Ci-C^alkyl; and 
10 pharmaceutically acceptable salts thereof. 

In stiU another embodiment of this invention the compound is referred to as a 
"retroinverso" of the compound of formula II and is represented by formula V 

Ar 1 
R B 1 L / O 



A R- r;, Y^N >il Y x 

R Ar 2 



where Ar 1 , Ar 2 , L 1 , L 2 , R A , R B , R c and X are defined above for the compound of 
15 formula I. 

The invention further comprises a pharmaceutical composition comprising a 
pharmaceutically acceptable excipient and any of the compounds represented by structural 
formula I-V. Additionally the invention provides a method for increasing the level of 
endogenous growth hormone in a mammal comprising administering to the mammal a 
20 pharmaceutically effective amount of the forgoing composition to the mammal. The method 
further comprises administering the composition in combination with a growth factor selected 
from; growth hormone releasing hormone (GHRH), insulin like growth factor- 1 (IGF-1), and 
insulin like growth factor-2 (IGF-2). In an alternative method of this invention GHRP's 
represented by formulae I-V, as well as other GHRP's, are used in combination with IGF-1 to 
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treat diseases in which lone term ICE 1 • • ^ 

diabetes. * ***** but no < '^ed to Type D 

FIGURF i a BRIEF DESCRIPTION OF THE FIGURES 

inhibitory (-) effects that growth hormnn , ' *«uhi« y ( + ) and 

* growtn hormone releasing hormone/factor /chrh/c. 
hormone releasing pepndes/peptidomimetics (GHRPs. « / 

likegrowthfactor 1 aGM) havTon se,ect ed 2^ ^ ^ ^ i " S ^ 

) nave on selected glands, organs, and tissues are also shown. 

FIGURE 2. A representative rat "pit" cell assav 

005) uKreased « „M »d reaches a „w, ., 7 , ** " "^""y 0> < 

NH2 was 0.18 ± 0.04 nM ove,30-,„ U „ The mean (n=3) EC50 for inip-bbFK- 

nM; „,5>. "°" P °' M HwAWnc-NH 2 f'GHRP-6") ((U ± ,. 5 

hatched bars). GHRH receptor (cross 

FIGURE 4. Desensitization effect of the "GHRP .. 

FIGURE 5. Somatostatin suppression of GHRP-snmulated CH ~» 
FIGURE 6. Antagonism of (inip)-bbFK-NH5 induced rw ,«i • 
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FIGURE 7. Specificity for GH release compared to prolactin release induced with (inip)-bbFK- 
NH2- GH and prolactin levels in the same media from cells challenged with 100 nM (inip)- 
bbFK-NH2- GH release was Mold while prolactin levels increased 1.6 fold. 

5 

FIGURE 8. TSH, FSH and LH release induced with (inip)-bbFK-NH2. Pituitary cells 
challenged with (inip)-bbFK-NH2 had no effect on these hormone concentrations. 

FIGURE 9. ACTH release induced with corticotrophin releasing factor (CRF) or (inip)-bbFK- 
10 NH2- ACTH levels rose 3-fold when stimulated with CRF but no significant change was 
observed with 100 nM (inip)bbFK-NH2- 

FIGURES 10A-10D. Ca^ release in pituitary cells by (inip)bbFK-NH2. Basal Ca+ + in Indol-1 
AM loaded pituitary cells after 4-day monolayer culture (Figure 10A and Figure 10C). Twenty- 
15 one (21) seconds after (inip)bbFK-NH2 addition, the increased Ca ++ flux in Figure 10D is 
demonstrated by lighter areas in some of the cells of this heterologous population. Addition of 
vehicle did not change Ca ++ levels (Figure 10B). 

FIGURE 11. Dose dependent GH release with (inip)bb(feg). GH release by rat pituitary cells to 
20 increasing concentrations of (inip)bb(feg) (left panel) over a 15 minute incubation. Right panel 
shows data points and curve used to calculate the EC50 of 0.09 nM. 

FIGURE 12. Demonstration that (inip)bb(feg) acts at the proposed "GHRP receptor". GH 
response to GHRP-6 (lOOnM) and (inip)bb(feg) (100 nM) was significantly greater than control 
25 but GH release was not synergistic when both were added in combination. GHRH (100 nM) 
elicited a mild GH response which was synergistic in combination with either GHRP-6 or 
(inip)bb(feg). 

FIGURE 13. Somatostatin suppression of (inip)bb(feg)-stixnulated GH release. GH release 
30 with 100 nM (inip)bb(feg) was totally suppressed in the presence of 20 nM somatostatin. 

FIGURE 14. Desensitization of the "GHRP receptor" upon challenging rat pituitary cells with 
three sequential 15 min. incubations with fresh (inip)bb(feg). GH release from the same 
pituitary cells over three sequential 15 minute incubations with (inip)bb(feg) (100 nM). After a 
35 total of 45 minutes, GH release was markedly decreased in response to (inip)bb(feg) but these 
cells were able to release more GH in response to a final 15 minute incubation with GHRH (10 
nM). 
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5 FIGURE 16. Demonstration that (inip)b(wol) acts , t ^ 

elicited a mild GH response which was synerg^^i! ^ ^ 

(inip)b(wol). yn«gishc in combmahon with either GHRP-6 or 
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pituitary cells over three seouenhal k • i" u PwwoJ). GH release from the same 

standard errors are shown. response to GHRH. Means and 

*/* Actions of (inip) b b P ^ ^ f^ ^ ^ " 
standard errors are shown mfus, ° ns - Mea ™ and 



35 



FIGURE 21. Body we.ght gain in normal adult female rats treated for u A 
(open squares), or (inip) b b F K-NH2 «v„ k fc W,lh CXdpient 

^ , v NH2 given by subcutaneous injection flOO im/ a 

-angles) or infusion (100 Ug/d; open circles). InjecUons of (inip) b b P 2 / d ' T 
-intained growth response; infusions gave a large initial respond ^ ' ' 
Means and standard errors are shown. mainta ^- 
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FIGURE 22. Body weight gain in lean (open circles) and obese Type II Zucker Diabetic Fatty 
(ZDF) male rats treated subcutaneously for 24 days with excipient (solid circles), recombinant 
human growth hormone (rhGH, large open squares, 500 ug/d), recombinant human insulin- 
5 like growth factor-1 (rhIGF-1, small squares, 758 ug/d), (inip) b b F K-NH2 given by injection 
(100 ug/d; open triangles), the combination of rhGH plus rhIGF-1 (solid squares), or the 
combination of rhIGF-1 plus (inip) b b F K-NH2 (solid triangles). The combination of (inip) b b 
F K-NH2 plus rhIGF-1 produced a maintained growth response equal to that of rhIGF-1 plus 
rhGH. Means and standard errors are shown. 

10 

FIGURE 23. Body weight gain in obese Type U Zucker Diabetic Fatty (ZDF) male rats treated 
subcutaneously for 7 days with excipient (solid circles), recombinant human insulin-like 
growth factor-1 (rhIGF-1, open circles, 758 ug/d), (inip) b b F K-NH2 given by injection (100 
ug/ d; open triangles), or the combination of rhIGF-1 and (inip) b b F K-NH2 (solid triangles). 
15 The combination of (inip) b b F K-NH2 plus rhIGF-1 produced a maintained growth response 
that was at least additive compared to each agent given alone. Means and standard errors are 
shown. 

FIGURE 24. Basal blood glucose levels obtained weekly in lean (small squares) and obese Type 
20 II Zucker Diabetic Fatty (ZDF) male rats treated for 3 weeks subcutaneously with excipient 
(controls, solid circles), recombinant human growth hormone (rhGH, open squares, 500 ug/d), 
recombinant human insulin-like growth factor-1 (rhIGF-1, open circles, 758 ug/d), (inip) b b F 
K-NH2 given by injection (100 ug/d; open triangles), or the combination of rhGH and rhIGF-1 
(solid squares), or the combination of rhIGF-1 and (inip) b b F K-NH2 (solid triangles). When 
25 given alone, or in combination with rhIGF-1, (inip) b b F K-NH2 had lesser effect on blood 
glucose (diabetogenic effect) than rhGH at doses with similar somatogenic effects (Fig. 22). 
Means and standard errors are shown. 

FIGURE 25. Blood glucose concentrations following an intravenous insulin challenge (insulin 
30 tolerance test) in lean control male rats (open bar), obese Type II Zucker Diabetic Fatty (ZDF) 
rats treated subcutaneously with excipient (solid bar), recombinant human growth hormone 
(rhGH, light left-right ascending hatching, 500 ug/d), recombinant human insulin-like growth 
factor-1 (rhIGF-1, light shaded bar, 758 ug/d), (inip) b b F K-NH2 given by injection (100 ug/d; 
light left-right descending hatching), or the combination of rhGH and rhIGF-1 (heavy left-right 
35 ascending hatching), or the combination of rhIGF-1 and (inip) b b F K-NH2 (heavy left-right 
descending hatching). When given alone, or in combination with rhIGF-1, (inip) b b F K-NH2 
had a greatly reduced effect on insulin sensitivity (diabetogenic effect) than rhGH at doses with 
similar somatogenic effects (Fig. 22). Means and standard errors are shown. 
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FIGURE ». D*l y m , ^ „ ^ adol( ^ ^ 

daily subcutaneous injections of exrim«,» / " Wlth **«« 

eXCCpt L * 92 > 585 - Means and standard errors are shown. 
FIGURE 27. Total body weight gain in normal adult rats treated for 7 H 

DETAILED DESCRIPTION OF THE INVENTION 

A- Definitions 

run H , '' ^nwni^j. Other examples of 

GHRH analogs are described in U. S. patent no. 4,622312. 



1 5 ]0 



16 20 25 ,a 

Gln-Uu-Ser-Ala-Arg-Lys-Uu-Ixu-Gln-Asp-Ile-Met-Ser^^ 

31 35 40 AA 

Growth Hormone Releasing Hormone 
(GHRH) 

capable "'"''f^inad^^.^^^.^^^^^ ' 
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1 5 
H-Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp 



T 



Cys-Ser-Thr-Phe-Thr-Lys 
14 10 

Somatostatin 
(SS) 



As used herein, "IGF-1" refers to insulin-like growth factor from any species, including 
bovine, ovine, porcine, equine, avian, and preferably human, in native-sequence or in variant 
form, and from any source, whether natural, synthetic, or recombinant. Preferred herein for 
5 animal use is that form of IGF-1 from the particular species being treated, such as porcine IGF-1 
to treat pigs, ovine IGF-1 to treat sheep, bovine IGF-1 to treat cattle, etc. Preferred herein for 
human use is human native-sequence, mature IGF-1, more preferably without a N-terminal 
methionine, prepared, for example, by the process described in EP 230369 published Aug. 5, 
1987; EP 128,733 published Dec. 19, 1984; or EP 288,451 published Oct. 26, 1988. More 
10 preferably, this native sequence IGF-1 is recombinantly produced and is available from 
Genentech, Inc., South San Francisco, Calif, for clinical investigations. Also preferred for use is 
IGF-1 that has a specific activity greater than about 14,000 units/mg as determined by 
radioreceptor assay using placenta membranes, such as that available from KabiGen AB, 
Stockholm, Sweden. 

15 The most preferred IGF-1 variants are those described in U.S. Pat. No. 5,077,276 issued 

Dec. 31, 1991, in PCT WO 87/01038 published Feb. 26, 1987 and in PCT WO 89/05822 
published Jun. 29, 1989, those wherein at least the glutamic acid residue is absent at 
position 3 from the N-terminus of the mature molecule or those having a deletion of up to five 
amino acids at the N-terminus. The most preferred variant has the first three amino acids from 

20 the N-terminus deleted (variously designated as brain IGF, tIGF-1, des(l-3) IGF-1, or des-IGF- 
1). 

The term "GHRF* as used herein refers to compounds that cause release of endogenous 
GH in a dose-dependent manner, where such release is synergized by GHRH but not by other 
GHRP s such as GHRP-6, and where such release causes a desensitization after continuous 
25 exposure to the GHRP while maintaining the ability to respond to GHRH. 

The term "Cn-Cm^yr means a cyclic or linear, branched or unbranched, saturated 
aliphatic hydrocarbon radical, having the number of carbon atoms specified, where m and n are 
zero or integers identifying the range of carbon atoms contained in the alkyl group. When n is 
zero (0) the term becomes a chemical bond, usually a covalent bond. Examples of alkyl radicals 
30 include methyl, ethyl, n-propyl, isopropyl(iPr), n-butyl, iso-butyl, sec-butyl, tert-butyl(tBu), n- 
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P«>lyl 2-methylbutyl, 2J-dimelhyipropvl n-h.„„l ■> .,., 

heotvl ■> ■"FT 1 ' " nexyl. 2-melhyJpemyl, 2^-dimethvlburyl n- 

j, "route. ihe tarns lower alkyl-and "Ci-Gsalkvl" are 
synonymous and used taterchangeably. 

S ^^^^conuonin^,^,^^^^ ^J"^, 

b,dr ^ T " C2<m *' ky "'"" — * - — . branded „, „» Dnnched 

denote b""-'™" " C, " Cl2aCyk " q '" " •Cl-Cn^oy.oxy- ar, „«, b, terchlng , iW) , „ d 

"^ablyheremanddenoteg^^ ' «« 

The terms "Q-C^alkylcarbonyl", "d-Cnalkanoyr and Xi-Cacvl" are « ,. 

The term "C^cylammo" denotes groups of «he fonnula d-QaJkyl-C^NH- 
The terms "d-C^alkytoxy" and C a -C 12 substituted alkyJoxy" denote Chalky, 

point of attachment for the alkyloxy or substituted alkyloxy ero UD to ^ „ n 

^propoxy.n^lo^.l^ioxy.cydol^l^andlikej,,,,,,,, 
H- a. -ary,- ^ ^ ltane me ^ , 

^"^.Hsv^ron^o^a^des^or^e^ designs 
inci^i ° Aromatic radicals may be mononuclear or polynuclear. Examples of aryl ^oups 
mclud.phen^n^, la „au»„ y ,, pheran|hr(myl<2u)ylaiidthelike " pS 
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Preferred aryl groups include phenyl, napthyl, biphenyl, phenanthrenyl, naphthacenyl, and the 
like (see e.g. Lang's Handbook of Chemistry (Dean, J. A., ed) 13 th ed. Table 7-2 [1985]). 

Optionally the "aryl" is substituted with one or more substituents usually designated 
by a group "-R n ", where n is any integer. Examples of substituted phenyl groups include 
5 mono- or di(halo)phenyl groups such as 4-chlorophenyl, 2,6-dichlorophenyl, 2,5- 
dichlorophenyl, 3,4-dichlorophenyl, 3-chloropheny), 3-bromophenyl, 4-bromophenyl, 3,4- 
dibromophenyl, 3-chloro-4-fluorophenyI, 2-fluorophenyl and the like; mono- or 
di(hydroxy)phenyl groups such as 4-hydroxyphenyl, 3-hydroxyphenyl, 2,4-dihydroxyphenyl, 
the protected-hydroxy derivatives thereof and the like; nitrophenyl groups such as 3- or 4- 

10 nitrophenyl; cyanophenyl groups, for example, 4-cyanophenyl; mono- or di(lower alkyl)phenyl 
groups such as 4-methylphenyl, 2,4-dimethylphenyl, 2-methylphenyi, 4-(iso-propyl)phenyl, 4- 
ethylphenyl, 3-(n-propyl)phenyl and the like; mono or di(alkoxy)phenyl groups, for example, 
2,6-dimethoxyphenyl, 4-methoxy phenyl, 3-ethoxyphenyl, 4-(isopropoxy)phenyl, 4-(t- 
butoxy)phenyl, 3-ethoxy-4-methoxyphenyl and the like; 3- or 4- trifluoromethylphenyl; mono- 

15 or dicarboxyphenyl or (protected carboxy)phenyl groups such 4-carboxyphenyl; mono- or 
di(hydroxymethyl)phenyl or (protected hydroxymethyl)phenyl groups such as 3-(protected 
hydroxymethyl)phenyl or 3,4-di(hydroxymethyl)phenyl / 2,3- and 3,4-methylene dioxy; mono- 
or di(aminomethyl)phenyl or (protected am inome thy 1) phenyl groups such as 2- 
(aminomethyl)phenyl or 2,4-(protected aminomethyl)phenyl; or mono- or di(N- 

20 (memylsuMonylamino))phenyl groups such as 3-(N-methylsulfonylamino)>-phenyl. Also, the 
term "substituted phenyl" represents disubstituted phenyl groups wherein the substituents are 
different, for example, 3-methyl-4-hydroxyphenyl, 3-chloro-4-hydroxyphenyl, 2-methoxy-4- 
bromophenyl, 4-ethyl-2-hydroxyphenyl, 3-hydroxy-4-nitrophenyI, 2-hydroxy-4-chlorophenyl 
and the like. Preferred substituted phenyl groups include the 2- and 3-trifluoromethylphenyl, 

25 4-fluoro or chlorophenyl the 4-hydroxyphenyl, the 2-aminomethylphenyl and the 3-(N- 
(methylsuHonylamino))phenyl groups. 

The term "arylalkyl" means one, two, or three aryl groups having the number of carbon 
atoms designated, appended to an alkyl radical having the number of carbon atoms designated 
including but not limited to; benzyl, napthylmethyl, phenethyl, benzyhydryl (diphenylmethyl), 

30 trityl, and the like. A preferred arylalkyl group is the benzyl group. 

The term "substituted C6-Ci2aryl-Ci-Q>alkyr denotes a Ci -Chalky 1 group substituted 
at any carbon with a C6-Ci2aryl group bonded to the alkyl group through any aryl ring 
position and substituted on the Ci-Qialkyl portion with one, two or three groups chosen from 
halogen(F, CI, Br, I), hydroxy, protected hydroxy, amino, protected amino, Ci-C$acyloxy, nitro, 

35 carboxy, protected carboxy, carbamoyl, carbamoyloxy, cyano, Cj-Csalkylthio, N- 
(methylsulfonylamino) Ci-C6alkoxy, or other groups specified. Optionally, the aryl group may 
be substituted with one, two, or three groups chosen from halogen(especially F), cyano, 
hydroxy, protected hydroxy, nitro, Ci-C^alkyl, Ci-C4alkoxy, carboxy, protected carboxy, 
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1 ,2,4-triazol-S-yl, and tetrazolyl, preferably lH-tetrazol-5-yl. A preferred group of examples of 
benzo-fused derivatives are benzoxazoi-2-yl, beiizthiazol-2-yl and benzimidazol-2-yl. 

Further suitable specific examples of the above heterocylic ring systems are 6- 
membered ring systems containing one to three nitrogen atoms. Such examples include 
5 pyridyl, such as pyrid-2-yl, pyrid-3-yl, and pyrid-4-yl; pyrimidyl, preferably pyrimid-2-yl and 
pyrimid-4-yl; triazinyl, preferably l,3,4-triazin-2-yI and l,33-triazin-4-yl; pyridazinyl, in 
particular pyridazin-3-yl, and pyrazinyl. The pyridine N-oxides and pyridazine N-oxides and 
the pyridyl, pyrimid-2-yl, pyrimid-4-yl, pyridazinyl and the l,3,4-triazin-2-yl radicals, are a 
preferred group. Optionally preferred 6-membered ring heterocycles are; piperazinyl, 
10 piperazin-2-yl, piperidyl, piperid-2-yl, piperid-3-yl, piperid-4-yl, morpholino, morpholin-2-yl, 
and morpholin-3-yL 

An optional group of "heterocyclics" include; l,3-thiazol-2-yl, 4-(carboxymethyl)-5- 
methyl-l,3-thiazol-2-yl, 4-(carboxymethyl)-5-methyl-l,3-thiazol-2-yl sodium salt, 1,2,4- 
thiadiazol-5-yl, 3-methyHA4-thiadiazol-5-yl, l,3,4-triazol-5-yl, 2-methyl-l,3,4-triazol-5-yl, 2- 
15 hydroxy-l,3,4-triazol-5-yl, 2-carboxy-4-methyl-l,3,4-triazol-5-yl sodium salt, 2-carboxy-4- 
methyl-l,3,4-triazol-5-yl, l,3-oxazol-2-yl, U,4-oxadiazol-5-yl, 2-methyl-l,3,4-oxadiazoI-5-yL 2- 
(hydroxymethyl^l^^xadiazol-S-yl, 1,2,4-oxadiazol-S-yl, l,3,4-thiadiazol-5-yl, 2-thiol-U,4- 
thiadiazol-5-yl, 2-(methylthio)-lA4-thiadiazol-5-yl, 2-amino-13/4-thiadiazol-5-yl, lH-tetrazoI- 
5-yl, l-methyl-lH-tetrazol-5-yl, l-(l-(dimethylamino)eth-2-yl)-lH-tetrazol-5-yl, 1- 
20 (carboxymethyl)-lH-tetrazol-5-yl, l-(carboxymethyl)-lH-tetrazol-5-yl sodium salt, 1- 
(methylsulfonic add)-lH-tetrazol-5-yl, l-(methylsulfonic acid)-lH-tetrazol-5-yl sodium salt, 2- 
methyl-lH-tetrazol-5-yl, U,3-triazol-5-yl, l-methyl-l,2,3-triazol-5-yl, 2-methyl-U3-triazol-5- 
yl, 4-methyl-l,2,3-triazol-5-yi, pyrid-2-yl N-oxide, 6-methoxy-2-(n-oxide)-pyridaz-3-yl, 6- 
hydroxypyridaz-3-yl, l-methylpyrid-2-yl, l-methylpyrid-4-yl, 2-hydroxypyrimid-4-yl, 1,4,5,6- 
25 tetrahyoro-5,6^oxo^methyl-as-triazin-3-yl, l,4A6-tetrahydr(>4-(formylmethyI)-5,6-dioxo-as- 
triazin-3-yl, 2^-dihydro-5-oxo-6-hydroxy.as-triazin-3-yl, 2,5-dihydro-5-oxo-6-hydroxy-as- 
triazin-3-yl sodium salt, 2>dihydro-5-oxo-6-hydroxy-2-methyl-as-triazin-3-yl sodium salt, 2,5- 
dihydro-5^xo-6-hydroxy-2-methyl-as-hiazin-3-yl, 2,5-dihydrc-5-oxc^methoxy-2-methyl-as- 
triazin-3-yl, 2>dihydro-5-oxo-as-triazin-3-yl, 2 J 5-dihydro-5-oxo-2-methyl-as-triazin-3-yl, 2,5- 
30 dihydro-5-oxo-2,6-dimethyl-as-triazin-3-yl, tetrazolo[l,5-b]pyridazin-6-yl and 8- 
aniinotetrazolo[13-b]*pyridazin-6-yl. 

An alternative group of "heterocyclics" includes; 4-(carboxy me thy l)-5-methy 1-1,3- 
thiazol-2-yl, 4-(carboxymethyl)-5-methyl-l,3-thiazol-2-yl sodium salt, l,3,4-triazol-5-yl, 2- 
methyl-l,3,4-triazol-5-yl, lH-tetrazol-5-yl, l-methyl-lH-tetrazol-5-yl, l-(l-(dimethylamxno)eth- 
35 2-yl)-lH-tetrazol-5-yl, l-(carboxymethyl)-lH-tetrazol-5-yl, l-(carboxymethyl)-lH-tetrazol-5-yl 
sodium salt, 1 -(methylsulfonic acid)-lH-tetrazol-5-yl, l-(methylsulfonic acid)-lH-tetrazol-5-yl 
sodium salt, l,2,3-triazol-5-yl, l,4^,6-tetrahydro-5,6-dioxo-4-methyl-as-triazin-3-yl, 1,4,5,6- 
tetrahydro-4-(2-formylmethyl)-5,6-dioxo-as-triazin-3-yl, 2,5-dihydro-5-oxo-6-hydroxy-2- 

-27- 



WO 96/15148 



PCT/US95/14968 



15 



20 



25 



30 



35 



memyl-as-triazin-3-yl sodium salt, 2,5-dihydro-5-oxo-^^ 
tetrazolo[13-bJpyrida2in-€.yl, and 8-aminotetrazolo[13-bJpyrida2in-6-yl. 

The terms "heteroaryl group" or "heteroaryl" are used interchangeably herein and refer 
to any mono-, bi-, or tricyclic aromatic rings having the number of ring atoms designated where 
• a. least one ring is a 5, 6- or 7-membered hydrocarbon ring containing from one to four 
heteroatoms selected from nitrogen, oxygen, and sulfur, preferably at least one heteroatom is 
rotrogen. The aryl portion of the term heteroaryl" refers to aromaticity, a term known to those 
skilled » the art and defined in greater detail in Advanced Organic Chemistry J. March, 3 rd ed 
pages 37-69, John Wiley & Sons, New York (1985). 

"Optical isomers", "diastereomers", and "geometric isomers" of some of the compounds 
represented by the formulae described herein are comprehended to be within the scope of the 
instant invention, as well as racemic and resolved enantiomerically pure forms and 
pharmaceutically acceptable salts thereof. 

Tharmaceutically acceptable salts" include both acid and base addition salts 
Tharmaceutically acceptable acid addition salt" refers to those salts which retain the 
biological effectiveness and properties of the free bases and which are not biologically or 
otherwise undesirable, formed with inorganic acids including but not limited to hydrochloric 
and, hydrobromic acid, sulfuric acid, sulfamic nitric acid, phosphoric acid and the like, and 
orgaruc acids such as acetic acid, propionic acid, glycolic add, pyruvic acid, lactic acid, oxalic 
acid, maleic acid, malic acid, maloneic acid, succinic acid, fumaric acid, tartaric acid, citric acid 
steanc acid, ascorbic acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid' 
ethanesulfonic acid, isethionic acid. p-»oluenesulfonic acid, salicydic acid, naturally occurring 
amino acids and the like. 

Tharmaceutically acceptable base addition salts" include those derived from inorganic 
bases such as sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zinc, copper 
manganese, aluminum salts and the like. Particularly preferred are the ammonium, potassium' 
sodium, calcium and magnesium salts. Salts derived from pharmaceutically acceptable organic 
nontoxic bases includes salts of primary, secondary, and tertiary amines, substituted amines 
including naturally occurring substituted amines, cyclic amines and basic ion exchange resins 
such as isopropylamine. trimethylamine. diethylamine. triethylamine. tripropylamine 
ethanolamine. 2-diethylaminoethanol, trimethamine. dicyclohexylamine, lysine, arginine 
hishdme. caffeine, procaine, hydrabamine, choline, betaine, ethylenediamine. glucosamine 
methylglucamine, theobromine, purines, piperizine, piperidine. N-ethylpiperidine. polyamine 
resins and the like. Particularly preferred organic non-toxic bases are isopropylamine 
d,ethylamine, ethanolamine, trimetruunine, dicyclohexylamine, choline, and caffeine. 

In general unless otherwise specified, the abbreviations used for the designation of 
amino acids and the protective groups used therefor are based on recommendations of the 
IUPAC-IUB Commission of Biochemical Nomenclature {Biochemistry, 11:1 726-1732 (1972). 

-28- 



WO 96/15148 



PCTAJS95/14968 



Table 1 provides a list of commonly used symbols or abbreviations (abbr.) used to describe the 
compounds of this invention. 



Table I 
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I ABBR 


(SMILES) STRUCTURE 


R/S 


COMMON NAME OF COMPOUND 


A 




c 

■■7 


T *A1antf>(> 

^ /UAi ill IC 




NCfQCfeO) 


P 

I\ 


IT- Alanine* 


Ab 






i.awinnKnti/1 if 
4*«UIUlllWUiyTll. CK.1U 


Ac 






rvcciyi 


Abx 






i*ajiun(^i-cycjonexanecaTDOxv aciu 


Abo 






/-anunonepianoic aoa 








o~anunonexanoic aaa 


cmiu 






p~aziunometnyio€Tizoic aQQ 






c 


aipna*IIlc uly Hen y lalaluJic 










ani 


NC3CCNICC3 




^V^ammo-pipenuine j 




NCCCCC(bO\ 




D~aiiunovaieric aClu 


R 


MfVPr! rr'7rrrr*r'>rr\ \C(—C\\ 


c 


L-bete-naphthylalanine 


h 






D-beta-naphthylalarune 


ViA 






bete- Alanine 


bcUTI 






1 ,4~butanediamine 


Dmn 


IN v_^C 1 CCZCCCCCZCC 1 J*JN 


c 


L-z-ainmc>-^(/-napntnyl)propviamine 


Dmn 


N(_(CClCCZCCCCCZCCl JUN 


K 


I>2-a^nino-3-(2-naphmyI)propylainine 








tert-Butoxycarbonyl 


DOl 


rsj^^cicczccccczccijv_v-/ 


c 


L-Deta-riapntnyiaianol 


Vinl 
DOi 


rM^^ClCCZCCCCCXCCi JV-V*-' 


p 


L>-Deta-napnuiyiaianoj 


Clin 






j-cy ci onexy la ion, ing 


chf 


NC(Cclccc(Cl)ccl\C(=0) 


R 


L/™r\iuiH\r* nciiy to toi mic 


cho 


C4CCC(CC4)C(»0) 




cyclohexane carboxvlic acid 


cxa 


NC3CCC(N)CC3 




trans- 1 ,4-cyclohexane diamine 


Cxp 


N4CCN(CC4)C(-0) 




1-carboxypiperazine 


dam 


N(C)C 




N^-dimethylamine 


F 


NC(Cclcccccl)C(=0) 


s 


L-Phenvlalanine 


f 


NC(Cclcccccl)C(=0) 


R 


>Phenylalanine 


fbd 


N(CCclcccccl)CCCCN 




M-(2-phenylelhyl) butane diamine 


feb 


N(CCclcccccl)CCC(=0) 




N-{2-phenylethyl) beta-Alanine 
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mab 
mam 

[man 
mBm 

Imbm 

[men 
Imiz 

Imor 

In 

[nba 
jnbol 
InL 

pL 

InmB 
Inmb 



N(CCclccccclVCC(=rtt 
f «n JNCCclcccccl 

Jncc(»o^ 

jNC(CclfnH1cncm-r=ny 
jNC(CclfnH) cnc1k-^ 
NC(Cclcccccl irr/^ 
NC(CCclccccclVT^=n) 
NQCCclccccclk-^ 

jN4CC=CfCC4^«n^ 

|NC(CcccNncr^o\ 

NCfCCCCN)cr s n^ 
INC 

[NCCclcc2cccrr?m 
|N(C)C(Cc1cc2ccccc2cc1)CN 



isoe 



JN(C)CCc1cc2ccccc2cc1 
JN(C)C(Cclcc2ccccc2ccl)CN(=N)N 

N1CCOCC1 
NC(CCf=0)N)Cr=O^ 
NC(CC( s O)Nncf=Q> 
NQC)fQCa«0) 
N(C)C(Cclcc2ccccc2ccl> 

NC(cccc)a=o^ 

NC(CCCOCf^O> 

N(C)C(Cclcc2ccccc2ccl)Cf=0^ 
N(C)C(Cclcc2ccccc2ccl )C(=CH 
N(C)C(Cclcccccl )C(=Q) 
N(C)C(CCCCN)C(=0) 
NQCcl c2ccccc2cccl )C( =Q) 



COMMON NAME nPrnu P n T u [r 
N-(2-phenylethy l) PJvH^ 

>henethyl am ine 
Glycine 
L-Histadine 
P-Histadine 

3-(S)-benzvl-beta-alani»^ 
homo- L-Pheny lalanino 

homo-D-pheny lalanm* 

isonipecotic acid 
jsoguvadne 
L-Lysine 
D-Lysine 

N>methvl-4>aminobutvrir arirf 
giethylamine 

N-(2-naphthylmethvnaminp 
N-me%I-[2-ajnino-3-(2- 
naphthyl)propyl)amine 

N-methyI-[2-amino-3-(2- 
naphthyDpropy llammo 

N^Methvl^- naphthvlethvl^i,,.. 

2(R)-2^Memylamino)-l-azido^3« 
(2>naphthyl)prop anP 

morpholine 

L-Asp 

D-Asparap 

^dimemyl- 3-aminoprop innir ^ 

N-MethvI-D-be ta-naphthvIalanol 
L-Norleucine 
D-Norieucine 



N-Methyl-L-beta-naphthvlal^^o 
N-Methyl-D-be ta-naphthvlalanino 
N-Methyl-L-Phenvlalanin^ 
N-Memyl-L-Lysine 
L-alpha-NaphthvIalanine 
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npa 


NC(Ccl c2ccccc2cccl )C(=0) 


R 


D-alpha-Naphthylalarune 


npe 


NCCclcc2ccccc2ccl 




2-(2-naphthyl)ethylamine 


O 


NC(CCCN)C(=0) 


S 


L-Omithine 


o 


NC(CCCN)C(5=0) 


R 


D-Orrri thine 


t> 
r 


N1C(CCC1)C(=0) 


S 


L-Proline 


P 


N1C(CCC1)C(=0) 


R 


D-Proline 


pac 


n4ccc(cc4 )CC(= r U) 




Pyridine-4-acetic acid 


pam 


NCCCCCN 




1 3-pentanediamine 


PR 


NC(clcccccl)C(=0) 


S 


L-Phenylglyrine 


pG 


NC(clcccccl )C(=0) 


R 


D-Phenylglycine 


rOl 


NC(Cclcccccl )CO 


S 


L-Phenylalanol 


PPC 


Nl CCC(CC1 )C(=0) 




Piperidine-4-carboxyiic acid 


ppz 


N3CCNCC3 




piperazine 


pyc 


n4ccc(cc4 )C(=0) 




Pyridine-4-carboxylic acid 


ram 


NCCCN 




1,3-propane diamine 


S 


NC(CO)C(=0) 


s 


L-Serine 


tarn 


NCCN 




1,2-ethane diamine 


tbm 


NC(C)(QC 




tert-butylamine 


tic 


N7C(Cc8ccccc8C7)C(=0) 


s 


D-tetrahydroisoquinoiine 


Tic 


N7C(Cc8ccccc8C7)C(=0) 


R 


L-tetrahydroisoquinoline 


W 


r>iC(Cc i inri Jczccccczcl ;C( =U) 


5 


L-Tryptophane 


W 


NC(Ccl[nH}c2ccccc2cl)C(=0) 


R 


D-Tryptophane 


wol 


NC(Ccl[nH]c2ccccc2cl)CO 


R 


D-Tryptophanol 


Y 


NC(Cclccc(0)ccl)C(=0) 


S 


L-Tyrosine 


y 


NC(Cclccc(0)ccl)C(=0) 


R 


O-Tvrosine 


Yd) 


NC(Cclccc(0)ca)cl)C(=0) 


S 


3-Iodo-L-Tyrosine 



Notes: 



a) The above structures are depicted in the SMILES format ("SMILES, 1. Introduction to 
Encoding Rules" Weinenger, D. J. Chem. Inf. Comput Sci. 1988, 25, 31.)- They are generally 
written N- to C-terminal with the points of attachment at the left- and/or right hand atoms 

35 depending on sequence position. In cases where attachment would be ambiguous, two 
different acronyms are used to depict the two modes, if both are used. 

b) It will be understood that when attached at a terminal position, the appropriate C-terminal 
function indicated in the table (i.e. -OH, -NH2, OMe) is added to complete the structure (acid, 
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release; replacement of growth hormone in stressed patients; treatment of 
osteochondrodysplasias, Noonans syndrome, schizophrenia, depression, Alzheimer's disease, 
diseases of demeylination, multiple sclerosis, delayed wound healing, and psychosocial 
deprivation; treatment of pulmonary dysfunction and ventilator dependency; attenuation of 
5 protein catabolic response after a major operation; reducing cachexia and protein loss due to 
chronic illness such as cancer or AIDS; treatment of hyperinsulinemia including Type II 
diabetes; adjuvant treatment for ovulation induction; stimulating thymic development and 
prevent the age-related decline of thymic function; treatment of immunosuppressed patients; 
treatment of bone marrow transplanted patients, improvement in muscle strength, mobility, 
10 diseases of muscle function, muscular dystrophy's, maintenance of skin thickness, metabolic 
homeostasis, enhancing renal function and hemeostasis including acute and chronic renal 
failure, stimulation of osteoblasts, bone remodeling, and cartilage growth; stimulation of the 
immune system in companion animals; growth promotion in livestock including stimulation of 
milk production in ruminates and wool or hair growth. 
15 An alternative use of the GHRFs of this invention, represented by formulae I-V, as well 

as other GHRP's as defined herein, including but not limited to GHRP-6 and GHRP-1 as 
described in U.S. Pat. No. 4,411,890; GHRP-2; benzo fused lactam GHRP's such as those 
disclosed in U.S. Patent No. 5,206,235; are used in combination with IGF-1 to treat diseases in 
which long term IGF-1 treatment is indicated. This use of GHRP's is to bring serum GH levels 
20 back to normal when long-term IGF-1 therapy down-regulates the pituitary GH secretion. 
Such use includes but is not limited to use in the treatment of Type II diabetes. 

Other uses of the instant compounds will be apparent from the following references; 
Amato et al Journal of Clinical Endocrinology and Metabolism 77(6):1671-1676 (1993), Bengtsson 
et al , Journal of Clinical Endocrinology and Metabolism 76(2):309-317 (1993), Binnerts et al. , Clinical 
25 Endocrinology 37:79-87 (1992), Bowers, Journal of Clinical Endocrinology and Metabolism 76(4):817- 
823 (1993), Cuneo et al , /. Applied Physiol 70<2):688-694 (1991), Cuneo et al , / Applied Physiol 
70(2):695-700 (1991), Degerblad et al t Acta Endocrinologica 126:387-93 (1992), Eden et al , 
Arteriosclerosis and Thrombosis 13(2)^96-301 (1993), Hartman et al , Horm Res 40:37-47 (1993), Ho 
et al , Horm Res 40:80-86 (1993), Jogensen et al,Acta Endocrinologica 125:449-453 (1991), 
30 Jegensen et al , The Lancet June 3:1221-1224 (1989), Lamberts et al , Clinical Endocrinology 37:111- 
115 (1992), McGauley et al ,Horm Res 33(suppl 4):52-54 (1990), Moller et al , Clinical 
Endocrinology 39:403-408 (1993), OHalloran et al , Journal of Clinical Endocrinology and Metabolism 
76(5):1344-1348 (1993), Orme et al , Clinical Endocrinology 37:453-459 (1992), Rodriguez-Amaoef 
al , Horm Res 39:87-88 (1993), Rosen et al , Clinical Endocrinology 40:111-116 (1994), Rosen et al , 
35 Acta Endocrinologica 129:195-200 (1993), Rudman et al , The New England Journal of Medicine 
323(l):l-6 (1990), Salomon et al , The New England Journal of Medicine 321 (26): 1797-1803 (1989), 
Shibasaki et al , Journal of Clinical Endocrinology and Metabolism 58(1):212-214 (1984), Sonksen et 
al , Acta Paediatr Scand [SupplJ 379:139-146 (1991), Tauber et al , Journal of Clinical Endocrinology 
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C Methods of Making 
25 1- General Peptide Synthesis 
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by condensation to obtain an intermediate compound connected to the resin. Alternatively, 
some amino acids may be coupled to one another forming a peptide prior to addition of the 
peptide to the growing solid phase polypeptide chain. 

The condensation between two amino acids, or an amino acid and a peptide, or a 
5 peptide and a peptide can be carried out according to the usual condensation methods such as 
the azide method, mixed acid anhydride method, DCC (N,N-dicyclohexylcarbodunude) or 
DIPC (N,N'-diisopropylcarbodiimide)methods, active ester method (p-nitrophenyl ester 
method, BOP [benzotriazole-l-yl-oxy-tris (dimethylamino) phosphonium 
hexafluorophosphate] method, N-hydroxysuccinic acid imido ester method, etc., and 
10 Woodward reagent K method. 

Common to chemical syntheses of peptides is the protection of any reactive side-chain 
groups of the amino acids with suitable protecting groups. Ultimately these protecting groups 
are removed after the desired polypeptide chain has been sequentially assembled. Also 
common is the protection of the a-amino group on an amino acid or a fragment while that 
15 entity reacts at the carboxyl group followed by the selective removal of the a-amino-protecting 
group to allow subsequent reaction to take place at that location. Accordingly, it is common in 
polypeptide synthesis that an intermediate compound is produced which contains each of the 
amino acid residues located in the desired sequence in the peptide chain with various of these 
residues having side-chain protecting groups attached. These protecting groups are then 
20 commonly removed substantially at the same time so as to produce the desired resultant 
product following removal from the resin. 

Suitable protective groups for protecting the ct-and e- amino side chain groups are 
exemplified by benzyloxycarbonyl (CBZ), isonicotinyloxycarbonyl (iNOC), O- 
chlorobenzyloxycarbonyl (2-C1-CBZ), p-nitrobenzyloxycarbonyl [2(NC>2 ], p- 
25 methoxybenzyloxycarbonyl [Z(OMe)], t-butoxycarbonyl, (BOC), t-amyloxycarbonyl (AOC), 
isoborrnyloxycarbonyl, adamatyloxycarbonyl, 2-(4-biphenyl)-2-propyl-oxycarbonyl (BPOC), 9- 
fluorenylmethoxycarbonyl (FMOC), methylsulfo-nyiethoxycarbonyl (Msc), trifluoroacetyl, 
phthalyl, formyl, 2-nitrophenylsulphenyl (NPS), diphenylphosphinothioyl (Ppt), 
dimethylophosphinothioyl (Mpt) and the like. 
30 Protective groups for the carboxy functional group are exemplified by; benzyl ester 

(OBzl), cyclohexyi ester (Chx), 4-nitrobenzyl ester (ONb), t-butyl ester (OtBu), 4-pyridylmethyl 
ester (OPic), and the like. It is often desirable that specific amino acids such as arginine, 
cysteine, and serine possessing a functional group other than amino and carboxyl groups are 
protected by a suitable protective group. For example, the guanidino group of arginine may be 
35 protected with nitro, p-toluenesulfonyl, benzyloxycarbonyl, adamantyloxycarbonyl, p- 
methoxybenzenesulf onyl, 4-methoxy-2, 6-dimethylbenzenesulf onyl (Mds), 1 ,3,5- 
trimethylphenysulfonyl (Mts), and the like. The thiol group of cysteine may be protected with 
p-methoxybenzyl, triphenylmethyl, acetylaminomethyl ethylcarbamoyle, 4-methyIbenzyl, 2, 4, 

-35- 



35 



WO 96/15148 

PCT/US95/14968 

■ , /uroxyi group of senne can be protected with . 

butyl, acetyl, tetrahydropyranyl and the like. Y ' 

Stewart and Young supra provides detailed information regarding procedures far 
prepanng peptides. Protection of a-amino groups is des^ih^ Procedures for 

5 blockage is described on pages 18-28 A tatZf o tT ^ ^ ""^ 
suUhvdryl n^ons is prided on pag^ ^ ' 8 ^ * ^ ^ ^ 

removedllt^^^^^ 

removed from the resm support by treatment with a reagent, such as liouid HF t7„ 
more thio.ontaining scavengers, which not only cleaves L iZ t . " 

15 mixture is used. * ^ 3 - d ™«* -venger 
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al, EP Application No. 45665 (1982) Chem Abs :9739405 (1982) (-CH(OH)-CH2); Holladay, M.W., 
et aL, Tetrahedron Lett 24:4401-4404 (1983) (-C(OH)-CH2-); Hruby, VJ. Life Sci 31:189-199 (1982) (- 
CH2S-); and Cho, CY. et al, Science 261:1303-1305 (1993) (-0-C(=0)-NH-). 

The compounds of Claims 2-5 are specifically prepared by the methods described in 
Schemes HV. The N-terminal amino group is shown as isonipecotic acid for clarity, but it is 
understood that the compounds of this invention with other groups (R A ) at this position are 
prepared by substitution of the appropriately protected reagent for the protected isonipecotic 
acid in the scheme. One may in general use a range of methods for the coupling of the 
components such as preformed active esters, acid chlorides, and coupling reagents. For 
connections other than amides, alkylation, acylation, and sulfonylation, for example, may be 
accomplished using the appropriately activated reagent and methods described in 
("Comprehensive Organic Transformations", R. C. Larock, VCH Publishers, 1989). 

3. Specific Schemes 

As shown in Scheme I, protected amino acids of the type 1 may be alkylated according 
to the procedure of Benoitin (Can. J. Chem. 55, 906, 1977) to give a variety of N-substituted 
compounds (2). 



Scheme I 
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For R c * H: TFA 9 ( f 



25 



30 



NaH,R c -f Hr O Ab o'\ 2 

Ar* 

8 9 lie 

To produce reduced or inverted amide compounds of the Type lie (Claim 3) m k. 

L/eoiocJong of the amino function and couolinc to »h» m . • . 

ft. ■*» ^ coupled J ™* " 

DCCtogiveM). "•" SOm l»"* c add ft. reagent 

cyiatea with a variety of groups, for example, Arl.L2-COri t« ^™ #« ,c u 

comp^ds „ wllh a o( ^FS" "«^— ma y be used to give 

ex. m „.. „• ' ' ' ™ 1,8 """P 1 **"! via alkyladon of (5) fo, 

example via deprotonalioi. with sodium hvdrid. ,„j .• ' 
Dep^on^^HRC.H,. » "M h»«de. 

Fo, syndesis of N-suJfo„„»id„ compou™!*. „, ^ 

For the synfheas of compounds (6) and ,8, where RB , H a„d rC „ H H * 
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1) HN(OMe)Me, 0 ,* 
BOP.HOBt "4 ji ! 

10T2 ^o A fv 

2) DIBAL ^> o 

9 

11, »C 

The intermediate protected amino acids (1) or (2) (from Scheme I) are converted to protected 
amino aldehydes (9), conveniently via DIBAL reduction of the derived N-methyl-N-methoxy- 
amide. Subsequent reductive amination with an appropriately substituted amine gives (10). 
5 Alternatively, (10) can be prepared from (3) via conversion of the alcohol to a tosylate or other 
suitable leaving group, and displacement with an appropriately substituted amine (Scheme II). 
It should be apparent that a wide variety of amines could be used in these two routes to (10) 
including tryptamine, N-methyl-(2-naphthyl)ethyl amine, alpha-methylphenethylamine, 
tryptophanol, and N-methyl-beta-naphthylalanol. The amine may also be part of a heterocycle, 

10 i.e. 2-benzyl- or naphthylmethyl-piperidine. 

This reductive amination strategy is a general method for incorporation of a reduced 
amide isostere into a polyamide chain. Thus, substitution of an appropriately protected amino 
acid derivative or peptide with a free alpha-amine, for the amine component in Scheme II (9) to 
(10) provides a protected, reduced amide isostere, intermediate. In this manner, compounds of 

15 the type exemplified in Claim 8, Illb-UIe may be prepared using appropriate orthogonal 
protecting groups for the reactive functionality. This method may also be employed when the 
amine component is attached to a solid support, suitable for peptide synthesis, providing a 
convenient method for the synthesis of longer peptidic compounds. 

Completion of the synthesis of compounds of the type 11 (Scheme II) (and by analog)', 

20 compounds of Claim 8, IDb-IIIe), requires deprotection of the amino group and coupling to an 
appropriately protected N-tenrrinal moiety, shown in Scheme II as N-R^isonipecotic acid for 
clarity. Depending on the particular substituents X, R B , and R c in (10), it may be neccessary to 
orthogonally protect reactive functionality prior to removal of the N-terminal blocking group. 
For example, for (10) (R c = X =H) the secondary amine in (10) can be acylated with FMOC-C1 

25 (e.g. R c = FMOC) prior to removal of the N-terminal BOC. This ensures that the subsequent 
acylation occurs only at the terminal amine. 

It will be noted that a wide variety of N-terminal groups can be attached to the 
intermediate deprotected (10). Any suitably protected amino acid, i.e. BOC-4-aminobutyric 
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acid, N-alkyl-isonipecotic acid, mav be at^v^A ■ 

t- «a, may oe attached using a standard coupling reaeent Aic~ 

™ - - cMoHde, may * ^ JJ^ZJ^ 

-d BOG* „ N^^, A „ e ^ 

on protecting groups, see Greene, WT WutsPru d^* *. ^ P 
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Scheme III 
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Compounds of the type He can be prepared as shown in Scheme IV. 

Scheme IV 

^ rc BiCH 2 C OCI Q R c Ar'CH 2 NH 2 o 

H Et 3 N I , 

15 16 17 

O 1) EtOCOCI, Et 3 N, Ar' 

,V OH ItE r^V^r 0 " 1) 17 ' DCC - NMM < 9 «c 

BOC^J 2)CH,N 2 BOC^OS ^ * K 

IB ?^H Ph ' Me ° H « 3) ^(op fo na„ ^ „. ^ 

Substituted amine (15) is acylated with bromoaceryl bromide to give (16), which is reacted with 
a second amine to give (17). Acylation with an appropriate N-terminal moiety gives (20). For 
5 example, a prefered N-tenninus, 4<arboxymethylpiperidine (19), is prepared via homologation 
of BOC-isonipecotic acid (18), and acylated onto (17) with DCC. Deprotection and optional 
alleviation of the terminal amine provides (20). Reductive animation with an appropriate 
aldehyde is an alternate method for the incorporation of R* substituents onto the terminal 
amine. This is a generally applicable method, useful for many compounds of this invention. 

Compounds of the type Hf (Scheme V) can be prepared from (17) via LAH reduction of 
the amide functionality. Acylation with (19), deprotection, and optional N-alkylation provides 
(21). 

Scheme V 

A^fLV" c 1 > "">™ r Ar1 ^ 

^Ar 2 2) 19, DCC, NMM jOOf 

17 3) TFA ' R ° Ar* 

4) 1 R-I (optional) 21, lit 

The pseudo symmetrical compounds of type Ilg are preparable via the route shown in Scheme 
15 VI. Conversion of arylamine (22) to (23) is analogous to the preparation of (17) above. 

Scheme VI 

1) BrCH 2 COCI o 1) LAH A r' , R 

A^NHj Et 3 N Ar '^vJL H 2 ) I 9 . DC C. NMM f 9 



10 



NH 



22 2) A^CHjNHj ^ ^ 3) TFA 'R^^ 1 O I 

4) 1 R-I (optional) 24,llg 
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LAH «d uaion . symcxaia , „ mJbMaM e(hme ^ 

.cy*ed at bo* nHrogen, „ . „„„,„ approprjaK 

as above gives (24). 6 

5 D. Preferred Embodiments 

•* — fc „ powth homione h mamma]s it a 

o, «. p^, mvenlto „ provide ^ „„, ^ ^ > 

■o prov.de co^po™* fc, m superi „ „ „, by ^ ^ ^ u 

« P.. ce» „ ,e» about ,„ ^ ^ mM preferably ^ abou| 

P^TT ' hiS ^ ^ *~ " "° teU - «»• *» « * - — 
represented by structural Fonnula 0) 

/ Af1 

h b 
A+B-f-C 
a |_2 

i 

where the symbols of Fonnula (1) are selected from the following 

A- Jy r vV Jy- 



s 



and 
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while the most preferred A's incoiporate either an amide or carbamate linkage as in; 
O R B O R B 

R»V RA'V R*'V" 

RB . ° . RB and ° 

With respect to certain combinations of L*-Ar* and B, it is prefered to use a 
commercially available amino acid as a starting material. 
5 For the groups R A , of substructure A, prefered embodiments incorporate functionality 

that places a basic nitrogen atom (or prodrug form thereof) at a distance of approximately 4 to 8 
C-C bonds from the attachment point of L^-Ar 1 , in a through-bond measurement. For 
example, prefered R A 's, of the most prefered A substructures above, include alkyl amines 
(CH2)nNR 2 R 3 (where n=2 to 4) and saturated six-membered ring heterocycles containing 1 or 2 

10 nitrogen atoms, for the amide-linked A's, and (CH2)nNR 2 R 3 (where n=2 or 3) and 3- or 4- 
substituted saturated six-membered ring heterocycles containing 1 or 2 nitrogen atoms, for the 
carbamate-linked A's. Prefered R's attached at the nitrogen atom of R A include hydrogen, 
methyl, ethyl, 2-hydroxyethyl, and 2-hydroxypropyL More prefered, are those R A 's that place 
the amine at approximately 6 C-C bonds from the attachment point of L^-Ar 1 , measured in a 

15 through-bond manner, as is the case with the most prefered R A# s (CH2)3NR 2 R 3 , 4-piperidinyl, 
and piperazinyl, for the amide linked A's, and (CH2>3NR 2 R 3 for the carbamate linked A's, 
where R 2 and R 3 are chosen from the group hydrogen and methyl. In the case of the carbamate 
where R A is attached directly to nitrogen, an additionally prefered R A forms a piperazine, 
where the carbamate nitrogen is incorporated as a ring atom. Thus, a most prefered 

20 embodiment of the present invention incorporates a substructure A of the following 
composition: 

*f O ° o 



O Ri' N ^ u o 



R 2 « R S 



R°, R B . R 1 
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where the groups R B are hydrogen or lower alkyl 

carboaylicadd) »««*«« o» ■son.pecofe (inip) ^ , plperidilM . 
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TV 

R'' 1 *^ R" 

"*"* ^ RB »«"f -"hydrogo, or WiUky, 
^^l^T^ " * — — — - - -pound ta 



0 R= d ^o v 

20 tu ' and 

Tfce most preferred B s are selected from: 

R c 



25 



° and * C 

where R C « additionally pn{med ^ ^ ^ ^ • 
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combination chosen so as to optimize for desired properties of the molecule, such as stability 
and lipophilicity. 

From the prefered list of substructures C, of Formula I, the more prefered embodiments 
are conveniently discussed by class. For the "pentapeptide, short series", exemplified by the 
most prefered (inip) b w F K -NH 2 (where C is -C(«0)-Phe - Lys - amide), and Formula la 
below, prefered embodiments include, in addition to the most prefered -C(=0)-Phe - Lys - 
amide, the substitution for Lys (Y) by the n-alkyl diamines H 2 N(CH2)nNH2, where n=2-6, and 
amino amides selected from the common amino acids. 



.Ar 1 
h b 0 



A 

a l.2 

\r* 

(la) 

As is taught in the present invention, a wide range of substitution is allowable at the Lys (Y) 
and, to a lesser extent, the Phe (X) position. It is therefore preferable to select from aU possible 
C-terminal groups, those that are inexpensive, and improve the overall physical properties of 
the compound. 

/ Ar1 

a L > 

(lb) 

15 For the Phe (X) position in the above formula (lb) and the "tetrapeptide, short series", 

the Phe is most prefered when a C-terminal amide is included, as are L-alpha-naphthylalanine, 
L-beta-naphthylalanine, and Tyr. In the short series, exemplified by (inip) b b F -NH2, the C- 
terminal carboxamide is a prefered embodiment. Also prefered are the amides N,N-dimethyl, 
N-methyl and morpholinyL In a further prefered embodiment, the carboxamide is replaced 
with the free acid and the reduced congener CH2OH and hydrogen. 

An additional class of most prefered compounds (Formula Ic) are obtained by the 
replacement of the Phe in the above structures with a non-aromatic residue. Most prefered 
among this class are the compounds where X (below) is an amide derived from the lower alkyl 
diamines and the lower alkyl aminocarboxamides. Most preferable is when X is butane 
25 diamine. 
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Most preferable is a compound where X is h.,f a - 
it's lower alkyl esters. * ^ ^ «i and 
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E. Biological Activity 
30 1. In Vitro Activity 

A. In Vitro EC50 
The "pit" EC50 values for all GHRPs were determined by the GH dose-response to the 
GHRP using the rat pituitary monolayer culture system detailed in Example 38. The results are 
provided in Tables II -VI in Example 39. Table n details selected biological data for prior art 
35 compounds including GHRP-6 with a "pit cell" EC50 of 6.2 ± 1.5 nM (n=5). Table III details 
selected biological data from 64 compounds from formula IV. Included in this novel class of 
compound, which is significantly smaller than GHRP-6, is (inip)-bbFK-NH 2 with an EC 50 of 
0.18 ± 0.04, over 30-fold more potent than GHRP-6. Table IV details selected biological data 



-67- 



WO 96/15148 

PCIYUS95/14968 

from 63 compounds derived from formula ID, including (ini p)bb(feg) with „ ^ of Q ^ + 
^ more potent than GHRP-6. Table V details selected biological daJ 

from 23 compounds from formula II including (inip)b(wol) (EC50 = 10.6 ± 6.2; n=3) Jh a EC50 
roughly equivalent to GHRP-6. Table V, details selected biological data from retroinverso" 
compounds -eluding the most potent. (Ab)bBB(ram), with an EC50 of 2 nM (n=2). 
B. In Vitro Characterization 
In addition, representatives from novel classes of CHRP were further characterized *. 
vitro to determine whether these compounds were acting in a manner analogous to "GHRP-6" 
The representatives include: from formula IV (inip>bbFK-NH 2 , from formula m (inip)bb(feg) 
and from formula U (inip)b(wol). The characterization results are detailed below. AH 
experiments had a minimum of three replicates. 

Representative from Fonnula IV. 



10 




(inip)-bbFK-NH2 

A representative dose response for GH release in the rat "pit" cell assay over a 15 min. 
exposure to mcreasing concentrations of (inip)-bbFK-NH 2 is demonstrated in Figure 2 (see 
Exam p , e 38 f or all assay protocols). GH release is significantly (P < 0.05) increased a, 0.3 nM 
^achesaplateaubylr^wi^^ 

NH 2 was 0.18 ± 0.04 nM, over 30-fold more potent than (GHRP-6) (62 ± IS nM- n-5) 
2 n ™„ T ° dem0nStrate ^ n ° Vel (-'P>-bbFK-NH 2 was acting in a manner analogous to 

rZ?"' ChaUen8eS ^ ^ COmbinati0 - <>' (GHRP-6), (inip)-bbFK-NH 2 and 
(SCe 3) - GHRP - 6 - d <-P)-bbFK-NH 2 (100 ^ both caused ^ ^ 

GH levels, but no additional increase was observed when these two GHRP's were used in 
combination. This suggests that both GHRP's may act at the same site. In contrast, both 
GHRP's showed synergy with GHRH in the rat "pit" cell assay indicating that neither GHRP 
25 acts via the GHRH receptor. 

A desensitization effect on the putative GHRP receptor was observed when cells were 
sequentially challenged with fresh (irup)-bbFK-NH 2 every 15 rain. (Figure 4). The GH release 
was decreased after the second 15 min. incubation (total 30 min. exposure to (ini P )-bbFK-NH 2 ) 
and no significant GH release compared to control occurred during the final (ini P )-bbFK-NH 2 
30 challenge. However when GHRH (10 nM) was added to the next 15 min. incubation a 
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significant GH response occurred, consistent with the model of separate receptors for GHRH 
and the GHRFs. 

Somatostatin is known to suppress GHRP-stimulated GH release. At 1, 10 and 100 nM 
(inip)-bbFK-NH2 significant elevations of GH were observed. Somatostatin (20nM) 
coincubation with (inipH>bFK-NH 2 at the same concentrations suppressed this enhanced 
release (Figure 5). 

Other evidence that (iiup^bbFK-NH 2 evokes the GHRP receptor includes the response 
to the GHRP receptor antagonist HwkWfK. As demonstrated in Figure 6, while high doses (10 
JiM) were required, HwkWfK did antagonize (inip)-bbFK-NH2. 

The specificity of (inip)-bbFK-NH2 »» vitro was demonstrated in that LH, FSH, TSH or 
ACTH release was unchanged by 100 nM (inip)-bbFK-NH 2 . Prolactin concentrations were 
significantly increased but less than 2 fold (Figures 7-9). 

Ca+ + flux determinations are shown in Figure 10. The left panels (A and C) show the 
basal Ca+ + partem immediately prior to addition of vehicle or (inip)-bbFK-NH2. Twenty-one 
15 (21) seconds after (inip)-bbFK-NH 2 application the increased Ca flux in panel D is 
demonstrated by lighter colors in some of the cells of this heterologous population. As a 
control addition of vehicle did not alter the Ca ++ profile (B), but addition of the calcium 
secretagogue ionomycin resulted in maximal stimulation of all the cells (data not shown). 
2. Representative from Formula m 



10 




20 (inip)bb(feg) 

This novel GHRP is smaller by about one (lysine) amino acid residue compared to 
(inip)-bbFK-NH2 described above. Dose dependent GH release with (inip)bb(feg) is shown in 
Figure 11. GH release by rat pituitary cells to increasing concentrations of (inip)bb(feg) (left 
panel) over a 15 minute incubation shows a dose dependent increase. The right panel shows 

25 data points and curve used to calculate the EC50 of 0.09 nM for the GHRP (inip)bb(feg). The 
mean EC50 (n=3) for (inip)bb(feg) was 0.25 ± 0.19 nM. 

To demonstrate that (inip)bb(feg) also acts at the proposed "GHRP receptor", GH 
response to GHRP-6 (lOOnM) and (inip)bb(feg) (100 nM) was measured as shown in Figure 12. 
The combination of these two GHRFs produced a GH release significantly greater than the 

30 control but GH release was not synergistic when these GHRP's were added in combination. 
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GHRP-6 or (in,p)bb(feg) indicating these GHRPs evoke a receptor different from GHRH 

Somatostatmsuppressionof (-PWfeg^ulated GH reiease is shown in Figure 13 
GH release with 100 nM (inip)bb(fee) was to» a ii„ , 

P ' { S) Was totaU y 5 «PP«ssed in the presence of 20 nM 
somatostabn consistent with the SS suppress^ response of other GHRP s 

SimiIari * of the "GHRP receptor" upon challenging rat pituitary cells 

"^sequential 15min. incubations ^t***^**.^^^ 

GH release from the same pituitary cells over three spnuonfiai i c ■ . 

/• • . mree sequential 15 minute incubations with 

minutes, GH retose „ decreased „ ^ ^ ^ 

3 Representative from Formula II 




(inip)b(wol) 

^~ VelG ^ Us ^^^(taip)bb((« g ).«o„U ta i„ g ^ ytwomnialic 

P^ary «* to ™^ of (le(( oyt[ ^ j5 ^ 

■neuron shows . dose depend™ ^ ^ righ , ^ 

20 («up)b(wol)«.asl0.6±6JnM. 

Again. ,o demonstrate .h., <„ip>b,w„,, „ „,„ „ GHRp 
-pons, .o CHRPO ,,00^, „ d (1M ^ _ measimd „ ^ ^ P ^ 

GH nfcase with ^ w „ ^ ^ ^ 

contra* <MH (1M „„, elkittd a mild cjr response which was s^istic £JL„ 
25 with either GHRP-6 or (inip)b(wol). 

Somatostatin suppression of (inip)b(wo^timulated GH release is demonstrated in 
F,g„re,7. GH release to ,00 nM (inip)b(wo.) was totally suppressed in the presence of 20 nM 
somatostatin consistent with the SS suppression response of other GHRP s 

Finally, the desensitization effect of the "GHRP receptor" upon challenging rat pituitary 
30 cells with three sequential 15 min. incubations with fresh (inip)b(wol) is shown in Figure W 
GH release from the same pituitary cells over three sequential 15 minute incubations with 
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(inip)b(wol) (100 nM) demonstrated a classic GHRP desensitization pattern.. After a total of 45 
minutes, no significant release of GH was observed in response to (inip)b(wol) but these cells 
were able to release GH in response to a final 15 minute incubation with GHRH (10 nM). 
4. Summary of In Vitro Characterization 

Clearly, by the functional assays demonstrated herein, representatives from each novel 
class of compound (Formulas n, HI, IV and V) elicit GH release in a manner analogous to 
"GHRP-6 ". All three classes of compounds released GH in a dose-dependent manner, were 
synergized by GHRH but not GHRP-6, and had receptor desensitization after continuous 
exposure to the GHRP while maintaining the ability to respond to GHRH; all consistent with 
these compounds working through the putative "GHRP receptor". These assays are well- 
accepted and have been used extensively in the literature. (Cheng et al, Endocrinology 132:2727- 
2731 [1993]; Blake and Smith, Journal of Endocrinology 129:11-19 [1991]; Cheng et al, 
Endocrinology 124:2791-2798 [1989]; Smith, Science 260:1640-1643 [1993]; and Akman et al, 
Endocrinoology 132:1286-1291 [1993]). 

Additionally, a representative from Formula IV, (inip)bbFK-NH2, was further 
characterized and demonstrated a selective GH release from heterogeneous pituitary cells 
(excepting a mild, but significant increase in prolactin), ability to release GH via a Ca ++ flux 
mechanism, and to be inhibited by a GHRP antagonist. (Bowers et al, Endocrinology 128:2027- 
2035 [1991]). 

These data are consistent with the view that all four novel "classes of GHRP's elicit GH 
release in a manner analogous to "GHRP-6", and thus may opperate via the same mechanism to 
release GH in vitro. 



2. In Vivo Activity in Normal Rats 

25 To determine if the new GHRP molecules showed efficacy in vivo, young (90 day old) 

and adult (120 day old) rats were treated with the GHRP s of this invention and GHRH 
according to the protocols in Examples 41 and 44. Rat GHRH, which has been shown to 
increase body weight in normal young female rats was used as a positive control in these 
experiments (Clark and Robinson, Nature 314:281-283 [1985]). 

30 A. Body Weight Gain in Normal Rats 

Body weight gains plotted against time for the 5 treatment groups are shown in Figure 
19. Both (inip) b b F K-NH2 and rat GHRH induced significant body weight gain compared to 
the vehicle excipient rats. By Day 5 of treatment the weight gains of all the treated groups were 
statistically significantly greater than the excipient treated rats. The dose-related nature of the 

35 body weight gains to (inip) b b F K-NH2 is presented in Figure 19. The weight gain in response 
to the much larger dose of rat GHRH (600 |ig/day) was very similar to that induced by the 
medium dose (20 jig/day) of (inip) b b F K-NH2. In addition, as little as 4 Mg/day (equal to 166 
ng/hr) of (inip) b b F K-NH2 induced a significant weight gain in young normal rats. The great 
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low dose reared to induce a significant anabolic effect in vivo. 
Body weight gains plotted against time fnr »k„ 

was not statistically different Th D . . ag0gues ' 0115 difference 

auy efferent. Hie weight gain in response to GHRP (inip)bbF-NH? (36 ± 8 1* ; n 
7day S )wassirrul a rtothattoGHRP(ini P )bbFK-NH,^ + , ■ Jl (36±8 gin 
0 20 . P;D,>>KNH2 f 36±3 S>nl4days)showninFigure 

These studies show the various class** of rw . 
wi* mining activity «. L «2 «5 B ™*" M f' h » U 'r fa ''««» One prior art molecule 



anabolic effects would have resulted. 

B- Organ Weight Gain in Young Norma] Rats 
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Therefore as little as 166 ng/hr of (inip) b b F K-NH2 (for 200 g rats; 0.83 ug/kg/hr) was 
effective at inducing an anabolic effect. 

The dose-related effect of (inip) b b F K-NH2 on the liver is a good indicator of the 
amount of GH secretion caused by the GHRP (inip) b b F K-NH2- Liver growth is particularly 
5 sensitive to stimulation by GH, and the increased liver weight is the expected response to an 
increased secretion of GH caused by both (inip) b b F K-NH2 and GHRH. Kidney shows a 
relatively poor growth response to GH treatment; the lack of an effect of (inip) b b F K-NH2 on 
this organ is therefore the expected result. Wagner and Scow, Endocrinology 61:419-425 (1957); 
Clark et al., Endocrinology and Metabolism 1:49-54 (1994). 
10 The effects of (inip) b b F K-NH2 on the weight of the thymus and spleen indicate that 

the instant novel GHRPs would be expected to stimulate immune function. Other studies 
have shown that GH and IGF-1 can significantly stimulate immune function, so it would be 
expected that GHRPs of this invention, by increasing GH secretion, would also stimulate 
immune function (Kelley, Ann, N.Y. Acad. Scu 594:95-118 (1990), Clark et al, /. Clin. Invest 
15 92:540-548 (1993). 

(inip) b b F K-NH2 tended to increase cardiac weight, indicating a significant anabolic 
effect of this GHRP on the heart GH and IGF-1 have been shown to be efficacious in animal 
models of congestive heart failure, and there is data that GH is effective in humans at 
improving cardiac function in growth hormone deficient adults. This data suggests that (inip) 
20 b b F K-NH2 would also be effective at improving cardiac function and in the treatment of 
cardiac congestive heart failure (Sacca et al, Endocrine Reviews 15:555-573 [1994]). 

The GHRP (inip) b b F K-NH2 was also effective at stimulating an anabolic response 
when delivered by continuous infusion. The delivery of (inip) b b F K-NH2 by SC infusion is 
an effective treatment and a similar effect could be achieved by any method that maintained a 
25 near continuous exposure of the instant GHRP s. For example, oral delivery, transdermal 
patch, or other delivery systems designed to maintain a continuous exposure to these GHRP s 
would be appropriate. 

D. Comparison of GHRP Infusion Versus Injections in Normal Rats 
Body Weight Gain: The GHRP (inip) b b F K-NH2 at 20 and 100 ug/day, delivered by 
30 both injection and infusion, induced significant body weight gain compared to excipient 
treated rats (see Example 42). By Day 2 of treatment, the weight gains of all the treated groups 
were statistically significantly greater than the excipient treated rats. The dose-related nature 
of the body weight gains to injections of (inip) b b F K-NH2 can be seen in Figure 20. In 
contrast there were similar weight gains in response to infusions of 20 and 100 ug/day G f 
35 (inip) b b F K-NH2- In addition, there were very different patterns of weight gain in response 
to infusions or injections of (inip) b b F K-NH2 as can be seen in Figure 21. 

Figure 21 also shows an initial rapid weight gain over 2 days in response to the high 
dose of infused (inip) b b F K-NH2 (100 ug/d), followed by a marked absence of any further 

-73- 



WO 9«/1514« 

PCT/US95/14968 

response for the duration of the experiment tk- 

In contrast to infusions oeriorf.v • • antagonists, 
uusions, periodic injections of (inip) b b F ic mh, 

5 P ro( ' l,re< l a large (30 gram) weight gain in adult female rate. CHRP (imp) b b F K-NHj 
Organ Weights: Organ weiehts at «rrj«^ 
iniecnonversesinf^^^ 

skinned carcass was si^cl, , k ^ ^ ^ -^-ted and 

carcass was sigmficantiy heavier in the high dose (152.4 + 

» 8 . WP, b b P ^ ^ ^ ^ 

b b F K-NH2 compared to control aruouis. ^1^^!^^ 
«.p^rag«o f b^ y ^ tt Ke„ wa5no ^ M ,^ ^^'"'-^'^ 

nmscle. lcidr«y. Md ,i ver ^ ^ " «" wh » h ™ of the rats. Soleus 

0-02 g> spared te L dos . ^ ^ , "' P) " " F *«* «» 1 

r wlu ^ a ^ infusion arom^fO 25 ±0fn ^ r • i_ 
by high dose (inip) b b F K-NH 2 in^ t IT' ^ 
ft**- 060 ± U fun, wheraa, (mio, b b F K^Tl ,T' """"^ * **' 

20 ca^g,^.^,^, ' P ' bfKt ^"^ m ^^s^,>y>^ 

M^Wr^ ^^^"^'^^^byeithermodeo, 

-^^e^o/,^ 

B u,.a nitrogen, ,„,, ' f " N " 2 ' h add ""»- «-»»»» (glucose. btood 

«Sryce„d. WS slncre^bvhJehd,~,- .JT^ ^ re """a- evidence that serum 
eased by high dose o(theG 

dose inject (conttol ,„ ± „ < P " " ™2 bu, no, by 



-74- 



WO 96/15148 



PCT/US95/14968 



10 



15 



b F K-NH2 in 80 gram rats (Example 40) over a 25-fold range of doses (e.g. 1.0, 0.2, and 0.04 
jig/injection) demonstrates that induction of GH secretion occurs within this dose-response 
range (EP50 02ng/rat). In 200 g rats this suggests that a 10ng dose of GHRP (inip) b b F K- 
NH2 would be well above the effective doses-responses range. 

There were differences between the anabolic effects of (inip) b b F K-NH2 in 90 vs. 150 
day old rats. In the older rats there was no clear effect on liver weight or spleen weight as 
seen with GHRP (inip) b b F K-NH2 infusion in the younger rats, (inip) b b F K-NH2 
injections increased thymus weight, suggesting that these GHRPs can stimulate growth of 
immune tissue and therefore increase immune function. Other studies have shown that GH 
and IGF-1 can significantly stimulate immune function, so it would be expected that GHRP s 
of this invention, by increasing GH secretion, would also stimulate immune function. Kelley, 
Ann. N.Y. Acad. Sri. 594:95-118 (1990), Clark ei al, /. Clin. Invest 92:540-548 (1993). GHRP (inip) 
b b F K-NH2 tended to increase cardiac weight, indicating an effect on the heart structure and 
function. GH and IGF-1 have been shown to be efficacious in models of congestive heart 
failure and this data suggests that (inip) b b F K-NH 2 would also be effective in the treatment 
of congestive heart failure. Sacca ei al, Endocrine Reviews 15:555-573 (1994). 

The GHRP (inip) b b F K-NH 2 was clearly effective at stimulating an anabolic 
response when delivered by both injections and continuous infusion. The delivery of (inip) b 
b F K-NH2 by twice daily subcutaneous injection appears to be an effective method of GHRP 
delivery. Other methods of delivery that would produce a similar blood profile of GHRP, for 
example oral delivery, delivery to the lung, or other delivery systems designed to maintain an 
intermittent exposure to GHRP would also be an effective means of inducing GH secretion 
and thereby the effects of GH. 

The normal serum chemistries indicate that the effects of (inip) b b F K-NH 2 can occur 
without perturbing the normal balance of blood metabolites and ions. The one possible 
exception was the tendency for serum triglyceride to be increased by high dose injections, but 
not by low dose injections of the GHRP (inip) b b F K-NH 2 . This may indicate that very high 
doses of (inip) b b F K-NH2 can impact the ACTH system and induce corticosterone activity. 
However 10 ng injections of (inip) b b F K-NH 2 did not seem to affect serum lipids, indicating 
that this dose, while maximally stimulating GH secretion, has a minimal effect on 
corticosterone secretion. 

E. Combination GHRP and IGF-1 Treatment of Normal Rats 
Normal adult female rats were chosen to study the anabolic effect of GHRP s 6, 
(inip)bbF-NH 2 , (inip)b(nmb)(bam), and L-692,585 when given in combination with IGF-1. 
35 Details of the protocols for this study are described in Example 44. 

The body weight gain responses to the GH secretagogues given in combination with 
IGF-1 (Figure 27) were much greater than those to the GH secretagogues given by themselves 
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tended to be greater than to IGF-1 alone 

3. In Vivo Activity in ZDF Rats 

A. Combination GHRP and IGF-1 Therapy in Obese Rats 
It is known that IGF-1 inhibits GH secretion by a feedback mechanism either acting 
» indirectly on the hypothalamus or directly on the Dituitarv t u g 
79 n98n ... . Y 016 P ,tuitaf y Tannenbaum et al, Saence 220:77- 

/* (1981). It is also known that GHRH induced rH • 
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A . . nation with IGF-1 administration. The protocol for IGF-1 
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(247.4 ± 7.1 g) was similar to that to rhGH + rhIGF-1 (245.2 ±4g,>,„^ u 

_/ . ^ 1 4 - v 8) and much greater than that 

-one (232 ± 2 g). „ w„ smpnsmg „,„, GHRP , Wp) b b F K-NH 2 «ouid induce . weigh, gain 

«£- IT TT"" 1GM - "* **' «* ~ — ' - «« - ° L 

*~ of ,„GH and «ha, th, „*« o, th. conation of GHRP and HUGF-l gave weigh, Js 
greattrU™„reo^l,„dH«of m ecombinatio„rfH«H««iAIGF-l. 

B. Combin.BonGHRP»dIGMTmanent<rfDiabelicRaB 

o, GHRP when gtven „ conation with IGF-1. DeUUs of the lor ^ „ 

descnbed in Example 43. y 



described in Example 43, 

-76- 



WO 96/15148 



PCTAJS95/14968 



10 



15 



Blood glucose: High concentrations of blood glucose were used to define the diabetic 
state of an animal. Rats were started on treatment before diabetes had developed (there was 
no difference between lean and obese blood glucose values at day 0). Figure 24 shows the 
changes with time in fasting blood glucose for the 6 obese groups and the lean controls. By 
day 14 the obese rats were clearly diabetic (obese controls 218 ± 27 mg%, lean controls 140 ± 3 
mg%). Treatment with rhGH gave a greater (p <0.05) increase in blood glucose (504 ± 38 
mg%) than did the CHRP (inip)bbFK-NH 2 (386 ± 63 mg%). In addition the combination of 
CHRP (inip)bbFK-NH 2 plus IGF-1 resulted in a blood glucose value of 190 ± 27 mg% 
comparable to that for rhGH + IGF-1 treatment of 233 ± 49 mg%. 

On Day 24 the blood glucose of the obese diabetic rats had risen to more that twice 
that of the lean controls (147 ± 4 mg% vs. 330 ± 57 mg%) and values were significantly (p<0.05) 
higher for rhGH treated rats (725 ± 30 mg%) than for CHRP treated rats (542 ± 37 mg%). This 
difference between rhGH and CHRP was also observedin combination treatment with rhlGF- 
1. CHRP plus rhIGF-1 resulted in a lower blood glucose measurement (301 ± 53 mg%) than 
did rhGH + rhlGF-1 treatment ( 512 ± 55 mg%). However the glucose values in the CHRP + 
IGF-1 treated group were elevated (p<0.05) compared to animals receiving rhIGF-1 alone (177 
±4mg%). 

Serum Insulin: At Day 0 the levels in obese rats were elevated compared to lean 
controls, but there were no differences between the levels in the obese treatment groups. At 
week 1 IGF-1 treatment significantly reduced serum insulin (obese control 21 ± 2 ng/ml; IGF- 
1 treated, 8 ± 1 ng/ml ). By itself CHRP (inip)bbFK-NH 2 elevated serum insulin 39 ± 6 ng/ml 
as did rhGH treatment (48 ± 6 ng/ml). However the combination of GHRP (inip)bbFK-NH 2 
plus IGF-1 significantly lowered insulin (to 10 ± 2 ng/ml) compared to the combination of 
rhGH plus IGF-1 (25 ± 3 ng/ml. p <0.05). Therefore there was evidence that the combination 
25 of GHRP (inip)bbFK-NH 2 and IGF-1 stimulated insulin secretion to a lesser extent (was less 
diabetogenic) than the combination of GH and IGF-1. 

Insulin Sensitivity: At Day 24 the sensitivity of the animals to insulin was gauged by 
measuring blood glucose 30 minutes after an insulin challenge (Figure 25). Following insulin, 
absolute blood glucose values were again higher in obese diabetic animals (277 ± 42 mg%) 
30 than in lean animals (84 ± 8 mg%). However, blood glucose was now reduced in GHRP 
treated animals to levels ( 323 ± 67 mg%) not different from those of the obese controls. In 
contrast, in rhGH treated rats, glucose remained significantly (p<0.05) elevated (533 ± 55 
mg%) compared to obese controls or GHRP treated rats. A similar difference between rhGH 
and GHRP treatment was seen when they were combined with rhIGF-1 treatment. Blood 
35 glucose was significandy (p<0.05) lower in GHRP + rhIGF-1 treated rats (238 ± 47 mg%) than 
in rhGH + rhIGF-1 treated rats (388 ± 48 mg%). 

These experiments compare the anabolic and diabetogenic effects of administered GH 
and GHRP in a rat model of Type II diabetes. These experiments show for the first time that 
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T* present invention also provides compositions containing an effective amount of 
compounds of present ~t^ fcn ^^^^~ 
thereof w mch may , ^ ^ „ ^ ^ 

comp^ons can b e provided together with physiologically ^ ^ ^ 
diluents, adjuvants and exdpients. g d 

in a manner similar to other therapeutic agents Thedo^^w ^ . . 8 ^ 

u.uui to 1000 ug/kg, more usually 0.01 to 2 5 ucr/ir-^f.K-v 

j . . / v vi io ng/kg of the host body weieht. Altemativplv 

dosages w lt hin these ranges can be administered by constant inf.,. Alternatively, 
£t . t «^«ncu constant infusion over an extendM rvrS^ 
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magnesium carbonate, and the like. These compositions take the form of solutions, 
suspensions, tablets, pills, capsules, sustained-release formulations, or powders, and contain 
10%-95% if active ingredient, preferably 25%-70%. 

The peptidomimetic compounds may be formulated into the compositions as neutral or 
salt forms. Pharxnaceutically acceptable nontoxic salts include the acid addition salts (formed 
with the free amino groups) and which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or organic adds such as acetic, oxalic, tartaric, mandelic, and 
the like. Salts formed with the free carboxyl groups may be derived from inorganic bases such 
as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such 
organic bases as isopropyl amine, 2-ethylamino ethanol, histidine, procaine, and the like. 
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EXAMPLES 
General Experimental: 
The compounds synthesized via the routes shown in Scheme I- VI followed standard 
solid-phase methodologies (Barany, G. and Merrifield, R. B. (1980) in "The Peptides", 2, 1-284. 
Gross, E. and Meienhofer, J. Eds. Academic Press, New York.). 

The chemical name abbreviations for common reagents and unusual amino acids used 
in the examples below are defined as follows (for the definition of acronyms specific to the 
Tables of Example 39, see Table I): 

aNal L-a-Naphthylalanine or (L-3-(l-naphthyl)-Alanine) 

BOC tert-Butyloxycarbonyl 

BOP berizotriazol-l-yloxy-tiis-(dimethylamino)-phosphonium- 

hexafluorophosphate 

BOP-C1 bis(2-oxo-3-oxazolidinyl) phosphinic chloride 

CBZ Benzyloxycarbonyl 

PNal L-p-Naphthylalanine or (L-3-(2-naphthyl)- Alanine) 

D^NaJ D-P-Naphthylalanine or (D-3-(2-naphthyl)-Alanine) 

DCM Dichloromethane 

DIPC Diisopropylcarbodiimide 

DEPEA Diisopropylethylaxnine 

DMF N,N-Dimethylformamide 

DMA N,N-Dimethylacetamide 

DMSO Dimethylsulfoxide 

EDC l-(3-dimemylaimnopropyl)-3-emylcarbodiiiru hydrochloride 

FMOC Fluorenyloxymethylcarbonyl 

HBTU [2-(lH-benzotria2ol-l-yl)-l, 1, 3, 3-tetramethyluronium] 

hexafluorophosphate 
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HOBt 


Hydroxybenzotriazole 


inip 


Isonipecotic acid (Piperidine-4-carb. 


MBHA 


p-methylbenzhydrylamine 


MeOH 


Methanol 


MS 


Mass Spectrometry 


N-Me 


N-Methyl 


i iflVUVI 


N-Methyl morpholine 


NMP 


N-Methyl pyrolidinone 


TEA 


TriethyJamine 


TFA 


Trifluoroacticacid 


THF 


Tetrahydrofuran 
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Standard BOC Chemistry Cycle: 

1) 3Xlmin.DCM 

2) check ninhydrin, recouple if positive 

3) 1X1 min. 45% TFA* 
25 4) IX 25 min. 45% TFA 

5) 1X30 sec DCM 

6) 1 X 1 min. MeOH 

7) 2Xlmin.DCM 

8) 1 X 1 min. 10% TEA/DCM 
30 9) 1 X 8 min. 10% TEA/DCM 

10) 3X1 min. DCM 

11) add preactivated amino acid and couple for 1 h 

12) go to step 1 

.) For pepHtte ™ides. use MBHA resin „d sttrt the synthesis amp7 

equiv. of NMM, then add mixture to the peptide resin. Gentle 
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bubbling of nitrogen into the slurry my means of a glass frit is a preferred method of agitation 
during the reaction and washing steps. 

c) For coupling to N-a-alkyl-amino acids, use 3 equiv. of amino acid and DIPC, overnight. 
Alternatively, 3 equiv. of amino acid, BOP-C1, and DIPEA in DCM, overnight, may be used. 
5 d) To fully deblock and cleave the peptide from the resin, add (per 1 g resin) 10 mL of HF, 1 mL 
of anisole, and 0.5 mL of ethylmethylsulfide and stir at 0° C for 1 h (for peptides containing Trp, 
0.25 g of p-cresol must be added). After the HF is removed, the residue is triturated with ether, 
collected on a glass frit, and washed several times with ether. The crude peptide is extracted 
off the resin by washing successively with 10% HOAc/water, HOAc, acetonitrile, 10% 
10 HOAc/water, and water. The combined filtrates are frozen and lyophiiized. Purification, 
preferably via reverse phase (C-18) HPLC using an acetonitrile (0.1% TFA)/water (0.1% TFA) 
gradient, provides the pure peptide. 

Standard FMOC Chemistry Cycle: 
15 1)5X1 min. DMA 

2) check ninhydrin, recouple if positive 

3) 1 X 1 min. 20% piperidine/DCNT 

4) 1 X 15 min. 20% piperidine/DCM 

5) 5Xlmin.DMA 
20 6) 1 X 1 min. DCM 

7) add preactivated amino acid and couple for 30 min. to 1 h 

8) go to step 1 

* For the synthesis of peptide acids, the following protocol may be used after 

deprotection of the second amino acid to prevent the formation of diketopiperizine. Continue 
25 from step 3: 

4a) 1 X 30 sec DMA 

5a) 1X30 sec DCM 

6a) IX 30 sec DMA 

7a) 1X30 sec DCM 
30 8a) Add preactivated amino acid and couple for 30 min. - 1 h 

9a) go to step 1 above 

Notes: 

a) For peptide amides, use FMOC-Am-resin (see below for synthesis), pre-swelled with DCM, 
and start the synthesis at step 3. 
35 b) For coupling of standard amino acids, premix 3 equiv. of the amino acid and BOP in 
DMA/DCM (1:1) for 10 min., add 3 equiv. of NMM, and add the mixture to the peptide-resin 
slurry in DMA/DCM (1:1), under gentle nitrogen bubbling. 
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c) For coupling to NKX-alkyl-amino acids use % „„,.-. c 

itajwc or stir at room temperature for 1 h tk^ tca 
removed under vacuum * n A ♦ . . * 1 n Ille » 

„ runc»„„. A,/w " er(0IA1TA )8nKli«l.p„vld es th e p ll « p _ )lid .. 
ej fMOC-Am-i«sm was prepared as follows- an. m« r~pi«ie. 

<»• «». vesse, ar* sweUed wirh d4, fo^Tl: J " ' *" 

a solution of ^^^-"^rttaf*..^^ 

^- 111 ^^-M (100 mmol) was added and the ♦k.m, . 
The resin was wa ^ r « suspension agitated for 3.5 h. 

«e resin was washed five tunes with DMA twice urifh rv~*, _. 

20 Dryin g invacuogave70.2 g ofFMOC Am ^ ^ 

g g of FMOC-Axn-resin at approximately 0.40 nunol/g substitution. 



Example 1 




(ini^-DpNal-DpNal-Phe-Lys-amide, 
TFA salt 
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Method A 

Step A: (N-e-BOOLys-(Am-resin) 

FMOC-Am-resin (10 g, 0.50 mmol/g, 5.0 nunol) was deblocked by agitating with 20% 
piperidine in DMA for 15 min followed by successive washes with DMA (5X) and DCM (IX). 
5 The resin gave a positive test with ninhydrin. A solution of 9.37 g (20.0 mmol) of FMOC-(N-e- 
BOC)-L-Lysine, 8.85 g (20.0 mmol) of BOP, and 331 mL (30.0 mmol) of NMM in 30 mL of 
DMA was added and the solution agitated for 1 h. The resin was washed (5X) with DMA and 
shown to give a negative ninhydrin test. The N-a-FMOC protecting group was removed with 
20% piperidine in DMA for 15 min, followed by successive washings with DMA (5X) and DCM 
10 (IX) to give (N-e-BOC)Lys-(Am-resin). 

Step B: Phe-(N-E-BOC)Lys-<Am-resin) 

A solution of FMCXZ-L-Phenylalanine (7.75 g, 20.0 mmol) and BOP (8.85 g, 20.0 mmol) in 50 mL 
of DMA/DCM (1:1) was preactivated for 10 min and added to the (N-E-BOC)Lys-(Am-resin) 
15 from Step A, followed by NMM (3.31 mL. 30.0 mmol). After 1 h, the resin was washed with 
DMA (5X, ninhydrin negative), deblocked with 20% piperidine in DMA for 15 min, and 
washed again with DMA (5X) and DCM (IX) to give Phe-(N-e-BOC)Lys-(Am-resin), displaying 
a positive ninhydrin test. 

20 Step O DBNal-Phe-<N-e-BOC)-Lvs-(Ain-resin) 

HtfC>C-D-B-naphthylalanine (4.37 g, 10.0 mmol) and 4.42 g (10.0 mmol) of BOP in 50 mL of 
DMA/DCM (1:1) was preactivated for 10 min, 1.65 mL (15.0 mmol) of NMM was added, and 
the mixture added to the Phe-(N-e-BOQLys-(Am-resin) from step B. After agitation for 2 h, the 
resin was washed with DMA (5X, ninhydrin negative), deblocked with 20% piperidine in DMA 

25 for 15 min, and washed again with DMA (5X) and DCM (IX), to give DBNal-Phe-(N-e- 
BOC)Lys-(Am-resin), displaying a positive ninhydrin test. 

Step D: FMOC-DBNal-DBNal-Phe-(N-£-BOOLys-(Am-resin) 

FMOC-DBNal (4.37 g, 10.0 mmol) and 4.42 g (10.0 mmol) of BOP in 50 mL of DMA/DCM (1:1) 
30 was preactivated for 10 min and added to the D3Nal-Phe-(N-c-BOC)Lys-(Am-resin) from step 
C, followed by 1.65 mL (15.0 mmol) of NMM. After agitation for 3 h, the resin was washed 
with DMA (5X, ninhydrin negative), DCM (2X), and methanol (2X). The resin was dried in 
vacuo to give 15.6 g of FMOC-DBNal-DBNal-Phe-(N-c-BOC)Lys-(Am-resin) with a substitution 
level of approximately 0.32 mmol/g. 

35 

Step E: N-FMOC-Isonipecotic acid 

To a solution of 10.0 g (77.4 mmol) of isonipecotic acid (Aldrich) in 1 N sodium 
carbonate/dioxane (1:1) at 0 °C, was added 21.1 g (77.4 mmol) of 9- 
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«her (dtscarded), the ^ ^ WM cooled ,„ m ^ bath md ' ' 

™- «. ». «. ^ wilh ^ at , tt : H ; d t 

UK Htrate was co^,,,, ,„ soo^^^ ^ m ^ 
arefngo.torcortght ^^^^ pHced ™ 

in»i.,ut,.„. . " xreaona " ,w '"™dnedm vacuo to give 25.6 « 

(SS^ofN-fMOC-Bonipecottcaddasacolorieasolki. 

10 SMp F: (i«i p ).D( N al-DONal-Ph^Lv^id., m 

R^^-D0Nal-DPNal-Phe-(N-£-BOC>-Lys-<Am-resin) „.„ g . « ^ „ Bed ^ 

^ LT^l! . 10 *** ^^"-"^-bochv,,^, displavi „ g . 

^A/DCM <u> nm added. After agWor, /or 2 h, the ,* ^ with DMA ( 5 X 

-M. -d deHocW with „ piperidiM ta ^ fof , 5 ^ ^ 

washed a 6 e„ „ llh r^ (5X) „ d ^ (3X) „ ^ ^ - « 

» 1 h. ta vacll0 , „ d „, ^ ^ sx ^ eiher * -fa 



30 



35 



Method B: 

Step A: BOC-(2-Cl^B2)Lys-(MBHA- re sin) 

A 20.0 g sample of MBHA-resin (substitution . 1.04 mmo,/g. 20 .8 nunoi) was washed 

rT > 1 , ^ 8 ^ ° f in NMP/DCM 

(1-1) was added, foiled by 8.40 g (3 eq) of HOBt in NMP and 62.4 mL (3 eq) of a 1 0 M 

(^^^'d'il^^ T After agitation for 1 h, the resin was washed with NMP (IX), DCM 

and the coupling judged complete by a ninhydrin test. The resin was neutralized with 5% 

ol 1*7 mL (10 eq) of acet, anhydride and 14.4 mL (4 eq) of DIPEA in DCM for 10 min 
Waslung the resin with DCM (3X) gave BOC-(2-a-CBZ)Lys-(MBHA-resin). 
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Step B: B0C4>he^2"O-CBZ)Lys-(MBHA-resin> 

Note: The following synthesis cycle was used for all subsequent couplings to this sample of 
resin: 

5 1) Deprotect with 50% TFA/DCM for 1 min 

2) Deprotect with 50% TFA/DCM for 20 min 

3) Wash resin 4X with DCM 

4) Neutralize with 5% DIPEA/DCM for 1 min 

5) Neutralize with 5% DIPEA/DCM for 5-10 min 
10 6) Wash resin 3X with DCM 

7) Wash resin IX with NMP 

8) Preactivate the BOC-amino acid (3 eq) with BOP (3 eq) and HOBt (3 eq) in NMP for 10 min, 
add NMM (45 eq) and transfer to vessel with resin. Couple for 1 h. 

9) Wash resin IX with NMP 
15 10) Wash resin 2X with DCM 

11) check ninhydrin for completion of coupling 

12) Recouple, if neccessary (steps 4-11) 

13) If coupling is complete, proceed with steps 1-11 for coupling of the next residue. 

20 Specifically, BOC(2-Cl-CBZ)Lys-(MBHA-resin), vide supra, was deblocked, washed, and 
coupled with 16.4 g (3 eq) of BOC-L-Phe, 27.6 g of BOP, 8.4 g of HOBt, and 10.3 mL of NMM for 
40 min to give BOC-Phe-(2-a-CB2)Lys.(MBHA-resin) (ninhydrin negative). 

Step C: BOC-DpNal-Phe-(2<:i-CB2)Lys.(MBHA.resin) 

25 The above sample of BOC-Phe-(2^Cl-CBZ)Lys-(MBHA-resin) was deblocked, washed, and 
coupled with 13.1 g (2 eq) of BOC-D-p-naphthylalanine, 18.3 g of BOP, 5.6 g of HOBt, and 6.85 
mL of NMM for 1 h giving an incomplete reaction (ninhydrin positive). The resin was 
recoupled (c.f. step 12 above) using 6.55 g (1 eq) of BOC-D-p-naphthylalanine, 9.2 g of BOP, 2.8 
g of HOBt, and 3.43 mL of NMM for 1 h to give BOC-DpNal-Phe-(2-Q<:BZ)Lys-(MBHA-resin) 

30 (ninhydrin negative). 



Step D; BOC.DpNal-DpNal.Phe-(2-Cl.CBZ)Lys-(MBHA-resin) 

The above sample of BOC-DPNal-Phe-(2.CI.CBZ)Lys-(MBHA-resin) was deblocked, washed, 
and coupled with 13.1 g (2 eq) of BOC-D-^naphthylalanine, 18.3 g of BOP, 5.6 g of HOBt, and 
6.85 mL of NMM for 3 h giving BOC-DpNal-DpNal-Phe-(2<:i-CBZ)Lys-(MBHA-resin) 
(ninhydrin negative). 
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Step E* N-BOC-Isonipecotic acid 

5 ft- phoned between ethv, acetate „ „ 5 te ° ,Pe ' a,U " 5 " 

collected hv fil^ v . concentrated. The crystalline product was 

(2H,m),1.42(9H,s). MS (FAB, M+H) 2301 ' ' ^ 

10 

Step F: ■OGflal^DIW^ 

The above sample of B<X-DPNal-D6Nal-Phe-f2-Cl-CB7u . 
wa . . . f ^ rne ^( 2 - c, - c BZ)Lys-(MBHA-resin) was deblocked 

washed, and coupled with 9.54 ef2ea, of Bnr .«„ • « aeoiocKed, 

^ * „r . q ' BOC -« on, P«oHc acid, 18.3 g of BOP 5 6 it of HORt 



20 



25 



30 



Step G: (inipl-DPNal-DPNal-Phe-Lys-amide 

The above sample of BOC-(inip)-Dp N al-Dp N al-Phe-(2-Cl-CB2)Lvs fMBHA ■ i 
deblocked w«K^ - *- i* ^ L y s -(MdH A-resin ) was 

oeMocked. washrf, neutrals, washed ^ ,„ 

by -verse phase HPLC (15-20(1, 300 WdacOls ^25^ °* a powder that was purified 
(0.1% TFA) in „a,„ ,„, % Tp A) „ „ J** ° **" ^ »— 25 " « — «• 

(elect««p„v.M + H,«.7 * ™ ^ ^ ^ ^ MS 



-86- 



WO 96/15148 



PCT/US95/14968 



Example 2 




(4-aminobutanoyD-DpNal-DpNal-Phe-Lys-amide, 
TFA salt 



FMOC.DpNal-DPNal.Phe-(N-€.BOC)Lys-(Am-resin) (1.0 g, 0.32 mmol), from Example 1, 
Method A, step D, was swelled with DCM for 15 min, deblocked with 20% piperidine in DMA 
for 15 min, and washed with DMA (5X) and DCM (IX) to give DpNal-DpNal-Phe-(N-e- 
5 BOC)Lys-(Am-resin), displaying a positive ninhydrin test. A preactivated solution ofN-BOC- 
4-aminobutyric acid (403 mg, 1.98 mmol), 875 mg (1.98 mmol) of BOP, and 0.33 mL (2.97 mmol) 
of NMM in 15 mL of DMA/DCM (1:1) was added. After agitation for 1 h, the resin was 
washed with DMA (5X, ninhydrin negative), DCM (3X), MeOH (2)C) and dried in vacuo. The 
dry resin was suspended in 10 mL of TFA and 0.50 mL of triethylsilane added. The mixture 

10 was agitated for 1 h, concentrated in vacuo, and the resin washed with ether. The crude 
peptide was recovered from the resin by washing with 10% aq HOAc, followed by acetonitrile. 
The combined filtrates were lyophilized to give 245 mg of a solid. A 50 mg aliquot was purified 
by reverse phase HPLC (15-20u, 300 A, Vydac C-18, IX 50 cm, gradient: 23 - 38% acetonitrile 
(0.1% TFA) in water (0.1% TFA) in 60 min at 9 mL/min, rt = 25 min) to give 28 mg of (4- 

15 aminobutanoyl)-DPNal-DpNal-Phe-Lys-amide, TFA salt as a colorless powder after 
lyophilization. MS (electrospray, M+H) 772.4. 
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Example 3 



10 



15 



20 




lMN-Methyl a n,i n o)buta„o y l).DPN J d-D P NaI.Phe-Lys-amide, 

TFA salt 

Step A: BOC^(N-Methylamino)butyricAcid 

To a CCsolution of 5.00 g (24.6 nunol) of Bnr^i • 

oil) of sodium hydride, p**^ ^ ' 2 f 8 WS ^ <l"P«i°n in 

F.lio»„g m e precede „ ^ 2 . ^OC-DPNTOP,^^ » 
«U0g,O,17 nunol, (hvm Example , MeBlod . „ ' "*IN*BOC)L.»MAm-,«sb„ 
».„,... Method A, Step D) was deblocked and coupled to RfY*-d 

(N-neihylamino,^^,,,,,^ _ «"° °>»pled lo BOC-4- 

lyophitonon A 62 me LucT , """^ 120 "* °< ' «*> *«« 

18. IX 50 an, t ^ m jj . m ^ J» - Vy*c C- 

Lys-anude. W Ms ( e lewosp „ y M<H) ^ ""J"' W"MW.I-n». 
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Example 4 




(inip)-(N-Me-DpNal)-DTrp.Phc-Ly»-ainidc, 
TFA salt 



Step A: DTrp-Phe-(N-£-BOOLyMAin-resin) 

A 1 g (approx. 0.4 mmol) sample of Phe-(N-e-BOC)Lys-(Ain-resin) (Example 1, Method A, Step 
B) was reacted with a preactivated solution of 0.85 g (2.0 mmol) of FMOC-D-Tryptophan, 0.88 g 
5 of BOP, and 0.33 mL of NMM for 1 h. Washing and deprotection as per the general protocol 
above gave DTrp-Phe-(N-£-BOC)Lys-(Am-resin), displaying a positive ninhydrin test. 

Step B: BOC-N-M ethyl-D-P-naphthylalanine (BOC-N-Me-DPNal) 

To a cold (0° C), stirred, THF solution of N-BOC-D-p-naphthylalanine (15.0 g, 47.6 mmol) and 
10 methyl iodide (14.8 ml, 238 mmol) was added sodium hydride (5.70 g of 60% dispersion in 
mineral oil, 143 mmol) in portions over 45 min. The mixture was allowed to warm slowly to 
ambient temperature over 16 h then partially concentrated and poured into 1 L of dilute 
aqueous sodium bicarbonate. Neutral species were extracted into ethyl acetate and discarded. 
The aqueous phase was acidified with citric acid and the separated product extracted into ethyl 
15 acetate, washed with dilute sodium bisulfite, brine, dried over magnesium sulfate, and 
concentrated. The crude product was crystallized from DCM/hexane to yield 14.9 g (95%) of 
the title compound. 1 H NMR (300 MHz, CDCI3, rotational isomers evident) 5 1.31 (9H, 2s, 
BOC), 2.70 (3H, 2s, N-Me), 3.32 (2H, m, CH2Ar), 4.8 (1H, m, CH), 7.54 (7H, m, Ar). MS (FAB, 
M+H) 330.2. 

20 

Step C: FMOC-N-Methyl-D-P-naphthylalanine (FMOC-N-Me-DPNal) 
BOC-N-methyl-D-P-naphthylalanine (10.0 g, 30.4 mmol) was dissolved in TFA (100 ml) and 
stirred for 1 h. The TFA was removed under vacuum and the residue combined with 9- 
fluorenylmethyl-succinimidylcarbonate (13.3 g, 40.0 mmol), potassium carbonate (6.2 g, 45 
25 mmol), THF (300 ml), water (124 ml), and stirred at ambient temperature for 18 h. The reaction 
mixture was partitioned between ethyl acetate and dilute aq HC1, and the organic phase 
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10 



15 



20 



25 



washed with brine, dried over magnesium sulfa* an . 

was collected by filtration and w ^ ^ " d C ~ ^ ^ crvs^e pro d uct 

*H NMR (300 MHz, DMSO^ rotation^ " 8 * %) ° f 

CH2A,, 4.13 (3H , m, ^ * ^ ^ « 

TheDT T^"^^^^ 

Washing and detection ^1^^ 8 1 ^ ^ ^ * "™ * 3 * 

0.66 m L ofNMMfor41 , ^ washjn ^ dd ' 1108O/BOP ' and 

acid, 0.56 g of BOP-O, ^ 0 . 87 mL of 0^12 ^^P-Hc 

washed,de b lockedwith 2 0% pipc ridi„ einDMA J^J ***** 

TFA and extraction as per the general Dro JT' " VW * Qeava S e 

wasp^ed^^r^^ 

acetonitrile (0.1% TFA) in water (0.1% TFA) in 60 min at 9 m L/ ^ " ' 32% 

methanol (0.1% TFA) in water (0.1% TFA) in 80 min at 10 mL/ § ' 35 ' 

0/thepure.uecompound. MS(e te ct rosp rav^Z ^ rt = 30min)gaVellm8 

Example 5 




^JL - H S f h o 

' 0 I H ^ - 

Me 



NH 5 



\ 



«ni P WN-Me-DPNal)-Dp N aI. Ph e.Ly s . amide< 
TFA salt 
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Step A: (N-Me-D3Nal)-DpNal-Phe-(2-a<3Z)Lys-(MBHA-resin) 

A 0.8 g (approx. 0.3 mmol) sample of BOC-DPNal-Phe-(2-CI-CBZ)Lys-(MBHA-resin) (Example 
1, Method B, Step C) was deblocked, washed, and reacted with a preactivated DMA solution of 
5 0.33 g (1.0 mmol) of BOC-(N-Me-DpNal) (Example 4, step B), 0.44 g of BOP, 0.14 g of HOBt, and 
0.11 mL of NMM for 13 h. Washing and deprotection as per the general BOC protocol above 
gave the title compound displaying a light orange, positive ninhydrin test. 

Step B: (inip)-(N-Me-DPNal)-DPNal-Phe-Ly»-amide, TFA salt 

10 The intermediate from step A was treated with 0.23 g (1.0 mmol) of N-BOC-isonipecotic acid 
(Example 1, Method B, Step E), 029 g of BOP-C1, and 0.20 mL of DIPEA in DCM for 12 h. 
Washing, drying, and cleavage as per the general BOC protocol above gave 250 mg of a 
powder. A 102 mg aliquot was purified by reverse phase HPLC (15-20*1, 300 A, Vydac C-18, IX 
50 cm, gradient: 23 - 38% acetonitrile (0.1% TFA) in water (0.1% TFA) in 60 min at 9 mL/min, rt 

15 = 32 min) to give 23 mg of the title compound. MS (electrospray, M+H) 812.4. 



Step A; (N-Me-DpNal)-Phe-(2<n-CBZ)LyMMBHA-resin) 

A 0.80 g (approx. 0.30 mmol) sample of BOC-Phe-(2-Cl-CBZ)Lys-(MBHA-resin) (Example 1, 
Method B, Step B) was deblocked, washed, and reacted with a preactivated DMA solution of 
20 0.33 g (1.0 mmol) of BOC-(N-Me-DPNal) (Example 4, step B), 0.44 g of BOP, 0.14 g of HOBt, and 
0.11 mL of NMM for 1.5 h. Washing and deprotection as per the general BOC protocol above 
gave the title compound displaying a light orange positive ninhydrin test. 



Example 6 




(inip)-DPNal-(N-Me-DpNal)-Fhe-Lys-amide, TFA salt 
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Them ter m ediate from step A ww treated > 

naphth^alanine. 0.29 g of BOP-C1. and 0.20 mL of DIPEA I ^JT ' "'^'l' 
deprotection as per the eeneral BOr . ° CM for 12 h. Washing and 

5 po^veninhydTtest ^ *~ ^ «* «~ ^ig a 

The intermediate from step B was reacted with a preacttvated DMA , • 
mmol) of N-BOC-isonipecotic acid, 044 g of BOP 0 u ^ ^ °' * (1 ° 

^s^d^ 

m go^powder.A67m g aliouot W aspurifrr " 200 

18, IX 50 cm, gradient 8 13 "f ^ ^^^P^HPiraS-^SOOA^VydacC- 

6 JCIU< A ^ -to/o acetonitrile ^0 1%tca\ • 

-L/min, rt = 30 min) to give 25 me of the ^ " ^ ^ WA) ta 60 ™ « ' 

g.ve25mgof m e h Uecompo U nd. MS (electrospray, M+H) 812.4. 



Example 7 




15 



20 



(5-Ami„ovaIer y lMN-Me-D P NaI)OpNal-P he . L ^ ainide/ 
TFA salt 

A 0.33 mmol sample of BOC-DPN,l-Ph H2 <KBZ)Lv«MllHA . 

m ^> *- «. s,e P b, 3 „ of ^rHrr,":?^ 0 ' boc - ,n - 

DMA/DCM ,0, , „. rae _ ^ ' ^ - - « * «, = f NMM m 
(ninhydrinnegalive). ' ° pve ,hc Htle compound 



^ 1>J w -*--i>-annnova]eric 
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acid, 4 eq of BOP-CI, and 6 eq of DIPEA in DCM overnight. After confirming complete 
coupling with the ninhydrin test, the peptide was deblocked with TFA, washed, and dried in 
vacuo to give (5simmovalerylMN-Me-D^ The 
peptide was cleaved from the resin and lyophilized, using the methods described in the general 
5 procedure, to provide 193 mg of a crude solid. A 53 mg aliquot was purified by reverse phase 
HPLC (15-20u, 300 A, Vydac C-18, IX 50 cm, gradient: 23 - 38% acetonitrile (0.1% TFA) in water 
(0.1% TFA) in 60 min at 9 mL/min, rt = 43 min) to give 7.4 mg of pure (5-aininovaleryl).(N-Me- 
DpNal^DpNal-Phe-Lys-amide, TFA salt as a colorless powder after lyophilization. MS 
(electrospray, M+H) 8002. 

10 

Example 8 




(inip^DPNal-DPNal-aNal-Lys-amide, 
TFA salt 



Step A: BOC-aNal-(2-Cl-CBZ)Lys-(MBHA-resin) 

A 1.0 g sample of BOC-(2-Cl-CB2)Lys-(lVfBHA-resin) from Example 1, Method B, Step A, was 
deblocked, washed, neutralized with 5% DIPEA/DCM, washed, and coupled with 945 mg (3 
mmol) of BOC-L-a-napthylalanine, 1.32 g of BOP, and 0.45 mL of NMM for 1 h, giving BOC- 
15 aNal-(2-Cl-CBZ)Lys-(MBHA-resin) (ninhydrin negative). 

Step B: BOC-DPNal-oNaW2-a-CBZ)Lys-(MBHA-resin) 

The intermediate from Step A was deblocked, washed, neutralized with 5% DIPEA/DCM, 
washed, and coupled with 945 mg (3 mmol) of BOC-D-P-napthylalanine, 1.32 g of BOP, and 
20 0.45 mL of NMM for 1 h, giving BOC.DpNal-oNal-(2-Cl-CBZ)Lys-(MBHA-resin) (ninhydrin 
negative). 
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10 



Step O BOC-DPNal-D3NalKxNal-tt^2)L y ».(MBHA.,e 8 i„) 

™7r fr To? BW " deb ^ and 
NMrjTn ^ ^ ^ " BOC -^— 1.32 g of BOP, and 0.45 m ^ 

Step D: (WpJ-DPNal-DPNal^Nal-O^l^Lys-CMBHA-resin, 

Tne resin £ro m Step C was deblocked, washed, neutrals with 5% DIPEA/DCM washed and 
coupled with 690 me (3 mmol) of N nnr • ~V*^M, washed, and 

xjww f . . . . 8 JL * ° f ^^-^Pecohc acid, 1.32 g of BOP, and 0.45 mL of 
NMM for 1 h, g^ng WHtaWfM*^^ ^ 

the title compound. 801 



15 



StepE: finip)-DPNal-DpNal^al.Lys-anude,TTA5«lt 

o^rr' 1 ' 18 ^^^^ 

of a sohd that was purified by reverse phase HPLC (15-20u, 300 A, Vvdac C18 IX 50 cm 

z»z; umsof purc ^ m -^^y^ - sai, ms ( z; ra ; 



20 



Example 9 




(4-Aminobutanoyl)-DpNal-DPN a l-PNaI-lN.(3-aminopropyl)J amide, 

TFAsalt 

Step A: 13-Propanediamine^arbonylbenzyloxy.resin (PDA-COO-resin) 

Dipt^ 71 r (1 ° * 1 meq/s - ioo - 2o ° mesh ' Bachem ~ — w it h » 

™ ^ (6X> ' ~ d * «> ^ °< «« . and gently agitated with nitrogen 
bubbhng. A solution of phosgene in toluene (70 mL, 1.93 M, Fluka) was added and after 20 
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min, the resin was washed with toluene (6X), resuspended in 60 mL of dry THF, and 1,3- 
Propanediamine (5.0 g, Fluka) was added. The mixture was agitated for 1 h, washed with 
DMA (5X), and shown to give a positive ninhydrin test. A solution of 10% TFA in DCM was 
added and the resin was washed with DCM (4X), methanol (2X), and dried in vacuo. 

5 

Step B: BOC-PNal-(PDA-COOresin) 

A 3.0 g sample of PDA-COO-resin was neutralized with 5% DIPEA/DCM, washed, and 
coupled with 2.84 g (9.0 mmol) of BOC-pNal, 3.96 g of BOP, and 1.5 mL of NMM for 1 h 
(ninhydrin negative). After washing with DCM, the resin was washed with methanol and 
10 dried. 

StepC BOC-DPNal-pNaMPDA-COO-resin) 

A 1.0 g sample of the resin from Step B was deblocked, washed, neutralized with 5% 
DIPEA/DCM, washed, and coupled with 945 mg (3 mmol) of BOC-DpNal, 1.32 g of BOP, and 
15 0.45 mL of NMM for 1 h, giving BOC-DPNal-pNal-(PDA-COO-resin) (ninhydrin negative). 

Step D: BOC-DpNal-DpNal^NaHPDA-COO-resin) 

The above sample was washed, deblocked, washed, neutralized with 5% DIPEA/DCM, 
washed, and coupled with 945 mg (3 mmol) of BOC-DpNal, 1.32 g of BOP, and 0.45 mL of 
20 NMM for 1 h giving BOC-DpNal-DpNal-PNal-(PDA-COO-resin) (ninhydrin negative). 

Step E: (4-AminobutanoyD-DpNal.DpNal-pNal-(PDA-COO-resin> 

The above sample was washed, deblocked, washed, neutralized with 5% DIPEA/DCM, 
washed and coupled with 609 mg (3 mmol) of N-BOC-4-aminobutyric acid, 1.32 g of BOP, and 
25 0.45 mL of NMM for 1 h (ninhydrin negative). The resin was washed, deblocked, washed with 
methanol, and dried in vacuo to give 1.3 g of the title compound. 

Step F: (4-AminobuUnoyl)-DpNal-DpNal-PNaHN-(3-aminopropyl)] amide, TFA salt 
The above resin (1.3 g) was cleaved with HF to afford 225 mg of a solid after lyophilization. A 
30 60 mg sample was purified by reverse phase HPLC (15-20u, 300 A, Vydac C-18, IX 50 cm, 
gradient: 25 - 40% acetonitrile (0.1% TFA) in water (0.1% TFA) in 60 min at 9 mL/min, rt = 30 
min) to give 29 mg of the title compound. MS (electrospray, M+H) 751.4. 
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Example 10 






DPNal- P Nal^NaHN-(3-aminopro P yl)]anude, 
TFAsalt 

Step A: BOC^Nal^NaWPDA-COO-resin) 

lm 5 h OffEA/DCM, washed, and couDled with i«o 
BOC-BNal, 264BofBOP^ non , , «>upied with 1.89 g (6.0 mmol) of 



10 



15 



Step B: BOC-DPNaI-PNaI^NaWPDA-COO.n J si„) 
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Example 11 



5 



10 




Acctyl-DPNal-pNal^Nal-IN^3-aminopropy])] amide, 
TFA salt 



Step A: Acetyl-DpNal-PNal-PNal-(PDA-COO-resin) 

A 1.0 g sample of the product of Example 10, Step B was deblocked, neutralized with 5% 
DIPEA/DCM, and coupled with acetic anhydride (2 mL) in 5% DIPEA/DCM (10 mL) giving 
AcetyI-DPNal-PNal.pNal-(PDA-COOresin) (ninhydrin negative). The resin was washed with 
methanol and dried in vacuo to give 123 g of resin. 



Step B: Acetyl-DPNal-PNal^Nal-[N-(3-aminopropyl)l amide, TFA salt 
The above resin (1.23 g) was cleaved with HF to afford 155 mg of a powder after lyophilization. 
A 68 mg sample was purified as per Example 2 (gradient 30%-45% in 60 nun (rt = 40 min)) to 
give 31 mg of the title compound. MS (electrospray, M+H) 708.4. 



Example 12 



30 




35 

(5-AminovaleryD-DPhe-PNal-pNal-Lys-amide, 
TFA salt 
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Step A: 3Nal-(N-E-BOC)Lys.(Am. re 8iii) 

A) w« reaced mUl , p « Mivaled soIuti<ln „ f 0M (w FMOC-L-DNal „ „ J 

». - 0,, „ L of NMM for 1 h. Waging ^ depro.ecnon „ _ 
above gave the doe compound. <™ protocol 

SlepB: PNd-pNaWN^.BOOLyMAm-mii.) 

^ 0 " 8 ™ d ° L * and d^^J. _ „, 

8«^protC)col above gave Ihettfie compound. 

SlepC: DI'he-|lNaI^Nal^N < .IloOL ) *(Ai». m m) 

product o, step B « reaced „ im . pre,^ „ „ 
^ y U b nme,„. 44go(Bop , md017mLi>fNMMforih ^ 

" P^^S^alprMoaJabovegavethetiUecompound. 

Steplk •S-Ammo.aleiyD.Dnie^Nal-fJNal.LvMmide TFAsalt 
^ Product .(step C „„ reacted wiln , p^.^ „,„,.„, o( „ 

S-anunovafcnc acd. 0 « g of BOP, and 0 ,7 mL of NMM for 1 „. Washin g. ^ 
» d -^-P«'>« S -«.™OCp,o te oUboveg.v, 1 00mg„„po w d.r. AsJglTo 

™ ( o.«„ A)tawato(0 , %TCA)faM ^ a9mL/ ^ h = 25 ^ ^ 

of the title compound. MS (electrospray, M+H) 786.5. 



Example 13 




(^Aminovaleryl)^ 

TFA salt 
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Step A: 1,4 Butanediamine-carbonylbenzyloxy-iesin (BDA-COO-resin) 
Hydroxymethyl resin (10 g, 1 meq/g, 100-200 mesh, Bachem RMIS35) was washed with 5% 
DIPEA/DCM, toluene (6X), suspended in 60 ml of toluene and gently agitated with nitrogen 
bubbling. A solution of phosgene in toluene (70 mL, 1.93 M, Fluka) was added and, after 20 
5 min, the resin was washed with toluene (6X), resuspended in 60 mL of dry THF, and 1,4- 
Diaminobutane (5.0 g, Fluka) was added. The mixture was agitated for 1 h, washed with DMA 
(5X), and shown to give a positive ninhydrin test. A solution of 10% TFA in DCM was added 
and the resin was washed with DCM (4X), methanol (2X), and dried in vacuo. 

0 StepB: BOC-pNaMBDA-COO-resin) 

A 1 g sample of BDA-COOresin from Step A was neutralized with 5% DIPEA/DCM, washed, 
and coupled with 945 mg (3 mmol) of BOC-pNal, 1.32 g of BOP, and 0.45 mL of NMM for 1 h, 
giving BOC-pNaJ^DA-COO-resin) (ninhydrin negative). 

5 StepC: BOC-pNal-PNaMBDA-COO-resin) 

The above sample was deblocked, washed, neutralized with 5% DIPEA/DCM, washed, and 
coupled with 945 mg (3 mmol) of BOC-pNal, 1.32 g of BOP, and 0.45 mL of NMM for 1 h giving 
BOC-pNaJ-pNal-(BDA-COO-resin) (ninhydrin negative). 

0 Step D: BOC-DPhe-PNal-pNal-(BDA-COO-resin) 

The above sample was deblocked, washed, neutralized with 5% DIPEA/DCM, washed, and 
coupled with 795 mg (3 mmol) of BOC-D-Phenylalanine, 1.32 g of BOP, and 0.45 mL of NMM 
for 1 h, giving BOC-DPhe-PNal-PNal-(BDA-COO-resin) (ninhydrin negative). 

5 Step E: BOC-(5-Axninovaleiyl)-DPhe-pNal^Nal-(BDA-COO-iesin) 

The the resin from Step D was deblocked, washed, neutralized with 5% DIPEA/DCM, washed, 
and coupled with 621 mg (3 mmol) of N-BOC-5-aminovaleric acid, 1.32 g of BOP, and 0.45 mL 
of NMM for 1 h giving BOC-(5-anunovaleiyl)-DPhe-pNal-pNaN(BDA-COC^i«in) (ninhydrin 
negative). The resin was washed, deblocked, washed with methanol, and dried in vacuo. 

0 

Step F: (5-aminovaleryl)-DPhe-pNal-PNa]-[N-(4-aminobutyl)] amide, TFA salt 
The above resin (1.1 g) was deblocked with HF to afford 72 mg of solid after lyophilization. 
The sample was purified as per Example 2 with a 25%-40% gradient (r = 22 min) to give 16 mg 
of the title compound. MS (electrospray, M+H) 729.5 
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5 




0 = H 0 | 
HN^ H O \ H « 



<inip)-DpNal-DPNal-Phe-amide, 
TFAsalt 

Step A: Phe-(MBHA-resin) 

ZH'ZT (5ubsah " ion • " 7 ** — > « — * 

Pneny*™.. 6 .05 g of BOP, 1.85 g of HOBt, and 1.50 mL of NMM fo, ,. 5 „. w^g md 
* PWM ™ " »" »°C P«*>»1 above gave »,, 

SlepB: DftN.l-rhMMBHA-ie.in) 
,0 nT^ frwn step A was reK «d »i«h a preach DMA solute, „, 2.87 g p , 2 

1.5 h. Washing and deprotection gave the title compound. 

StepG DpNal-DpNal-PhHMBHA-resin) 

15 ^ fr0m StCP B ^ ^ 3 DMA °< 2.87 g (9 12 

1.5 h. Washxng and deprotection as per the general BOC protocol above gave the title 
compound. 



20 



Step D: (inip)-DpNal.DPNal-Phe-amide, TFA salt 

One : h* of the intermediate resin from step C (2.28 mmo,) was reacted with a preactivated 
DMAsoluuon of 1.57 g (6.84 mmo,) of N-BOC-isonipecotic acid. 3.02 g of BOP, and 1.00 mL of 
NMM for 3 h. Deblocking, washing, drying, and HF cleavage as per the general BOC protocol 
above gave 560 mg of a powder which was purified by reverse phase HPLC (15-20* 300 A 
Vydac C-18, IX 50 cm, gradient: 30 - 44% acetonitrile (0.1% TFA) in water (0.1% TFA) in 150 
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min at 9 mL/min, rt = 60 min) to give 436 mg of the title compound. MS (electrospray, M+H) 
670.4. 



Example 15 




(inip)-DpNal-DTrp-Phe-aiiude, 
TFA salt 



Step A: DTrp-Phe-<M BHA-resin) 
5 A 2.0 g (approx. 1.14 mmol) sample of Phe-(MBHA-resin) (from Example 14, Step A) was 
reacted with a preactivated DMA solution of 1.04 g (3.42 mmol) of N-BOC-D-Tryptophan, 1.51 
g of BOP, 0.46 g of HOBt, and 0.38 mL of NMM for 15 h. Washing and deprotection as per the 
general BOC protocol above gave the title compound. 

10 StepB: DPNal-(D-Trp>-Phe-(MBHA-resin) 

The intermediate from step A was reacted with a preactivated DMA solution of 1.08 g (3.42 
mmol) of N-BOC-D-f^naphmylalanine, 1.51 g of BOP, 0.46 g of HOBt, and 0.38 mL of NMM for 
1.5 h. Washing and deprotection as per the general BOC protocol above gave the title 
compound. 

15 

Step C (inip)-DPNaWD-Trp)-Phe-amide # TFA salt 

The intermediate from step B was reacted with a preactivated DMA solution of 0.78 g (3.42 
mmol) of N-BOC-isonipecotic acid, 1.51 g of BOP, 0.46 g of HOBt, and 0.38 mL of NMM for 2 h. 
Deblocking, washing, drying, and HF cleavage as per the general BOC protocol above gave 240 
20 mg of a powder. A 50 mg aliquot was purified by reverse phase HPLC (15-20n, 300 A, Vydac C- 
18, IX 50 an, gradient: 23 - 38% acetonitrile (0.1% TFA) in water (0.1% TFA) in 60 min at 9 
mL/min, rt = 30 min) to give 23 mg of the title compound. MS (electrospray, M+H) 659.2. 
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15 



PCT/US95/1496S 




U : H 9 




(inipJ-DpNal-DpNal-Phe, 
TFA salt 



20 



Step A: BOC-DpNal-PheWO-resin) 
StepB: BOC-DPNal-DpNal-Ph^O-resin) 

The above saxnple of BOC-D P NaI-Phe- ( a r es m ) was deblocked wash., „ 
g (8.82 mmol, 2.0 eq) of BOC-M«u»hihvi i - Washed ' ««PW with 2.78 

. , ^P-naphthylalanme using 7 8 e of Rtip i , , ,^ 

nU of NMM for 3 h to give BOC-DfiNal-DfiNal Phe-fO. i , * ^ 145 

pwai upNal-Phe-(O-resm) (ninhydrin negative). 

StepC: BOC.(i„i p) .D P NaI.DPNal.PhMO- re s i n> 

The above sample of BOC-DfiNal-DBNal-Ph^n. » 

- - . «, ,0 * 0 , ■ - 

«*>g 7 8 g of BOP, 1.2 g „ f HOB. m H , « , , mP ' e 1 MeU,0d Stt P 

vacuo. Yield: 10.1 g wasned with methanol and dried in 

Step D: (inipJ-DPNal-DpNal-Phe, TFA salt 

A 3.0 g sample of the above BOC-finip^PNal-DPNal-Phe-fO-resin. 

deblocked, washed with methanol dried and th 7 SWCUed ™ ° CH 

general HF procedure to give 790 m'f 7 wnl ? ^ ^ * 

r ~u«: io give /yu mg of (inip)-DBNal-DB]\lAl-Pfc<> ~* 
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min, 0.1% TFA, 9 mL/min, 214 nm, rt= 41-51 min) to give 4.3 mg of the title compound. MS 
(electrospray, M+H) 6712. 

5 Example 17 



10 




(inip>'DpNaI-D0Nal-Phe methyl ester, 
TFA salt 

To a solution of 50 mg of (inip)-DPNal-DPNal-Phe (from Example 16, Step D) in 20 ml of 
methanol was added 10 drops of 1 M HC1 in diethyl ether. After stirring overnight, the reaction 
mixture was concentrated and the product purified by HPLC to give 22 mg of the title 
compound (Vydac C-18, 1 X 50 cm, 9 mL/min, 27 to 42% acetonitrile in water over 60 min, 0.1% 
TFA, 214 run, rt= 39-52 min). MS (electrospray, M+H) 685.4. 
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Step A: BOC^,u >D p Nal . D p NaWL . raenylalanoi) 

To 50 ml of dry THF was added 15 e (n n « , , „ 

e»—* mm Example „ J! o * IT ^ °' » 0C **WWW**«» 

between ethyl acetate and water and th P uc was partitioned 

5 »ln). MS(elec»«p ray ,M.H) f 57.4. mri ' 0.1 A TFA, 9 mL/nun, 214 mn, rt=38 - 45 



Example 19 




(J I H Vf 

hOVtYb 




20 



(inip)-DpNal-D P Nal-(3(S)-3-b e nz y l-p.Ala) amide, 
TFA salt 

Ph«,„i,j Proceaure, 2.0 g of commercially available N-BOT I 

Phenylalanine was converted tn 7«i m „ ~< .v , e ™ «*-*--L- 
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s). IR (cm" 1 ) 3316, 2977, 2930, 1709, 1662, 1496, 1370, 1164, 1050, 1025, 746, 699. MS (FAB, M+H) 
280.0. 

Step B: BOC-(3(S)-3-benzyl-P-A]a)'(MBHA-resin) 
5 A 2.54 g sample of MBHA-resin (0.64 mmol/g, 2.06 mmol) was swelled in 1:1 DCM /DMA and 
coupled with 0.60 g (2.15 mmol, 1.1 eq) of N-BCC-(3(S)-3-benzyl-p-Ala) (from Step A) using 
1.44 g of BOP, 241 mg of HOBt, and 196 ul of NMM for 72 h. The resin was washed and capped 
by acetylation with a mixture of acetic anhydride, TEA, and pyridine in DCM for 15 min, 
giving the title compound after washing (ninhydrin negative). 

10 

Step C BOC-DPNal-(3(S)-3-benzyl-^-Ala)-(MBHA'i€sin) 

The above sample of BOC-(3(S>-3-ben2yl-P-Ala)-(MBHA-resin) was deblocked, washed, and 
coupled with N-BOC-D-P-naphmylalanine using 2.85 g of BOP, 290 mg of HOBt, and 708 ul of 
NMM for 2 h, according to the general procedure, to give B<XT-DpNal-(3(S)-3-benzyl-P-Ala)- 
15 (MBHA-resin) (ninhydrin negative). 

Step D: BOC-DPNal-DpNal-(3(S)-3.benzyl-P-Ala)-(MBHA-resin) 

The above sample of BCKT-DpNal-(3(S)-3^eruyI-P-Ala)-(MBHA-resin) was deblocked, washed, 
and coupled with N-BOC-D-P-naphmylalanine, using 2.85 g of BOP, 290 mg of HOBt, and 708 
20 \i\ of NMM for 2 h to give the title compound (ninhydrin negative). 

Step E: BOC^inip)-DpNal.DPNaW3(S)-3-benzyl.p-AlaMMBHA-resin) 
The product of Step D was deblocked, washed, and coupled with N-BOC-isonipecotic acid, 
using 2.85 g of BOP, 581 mg of HOBt, and 708 ul of NMM for 18 h to give BOC-(inip>DpNal- 
25 DpNal-(3(S)-3-benzyl-p-AlaHMBHA-resin) (ninhydrin negative). 

Step F: (inip)-DpNal-DpNal-(3(S)-3-benzyl-p-Ala)-amide, TFA salt 

The above sample of BOC-(inip)-DpNal-DpNal-(3(S)-3-ben2yl-p-Ala).(MBHA-resin) was 
deblocked, washed with methanol, and dried. The product was cleaved from the resin with HF 
30 according to the general procedure to give 280 mg of a solid. A 56 mg portion was purified by 
HPLC (Vydac C-18, 1x50 cm, 27 to 42% acetonitrile in water over 60 min, 9 mL/min, 0.1% TFA, 
rt= 28 - 38 min)to give 23 mg of the title compound. MS (electrospray, M+H) 684.2. 
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Example 20 



h 9 



h0^ n Yt\ 




,NH 5 



«nip)-DpNaI-D3N.HN.2-phe„yIethy W, y , amide , ^ ^ 
Step A: 2-BromoacetyI-(MBHA-resin) 

A 2.0 g sample of MBHA-resin (0.64 mmol/ g, 1.28 nunol) was swelled in DCM h . 
with 0.36 g (236 mmol. 2 . 0 eq) of bromoacetic add > ^ «- -pled 

DIPC in DCM for 2 h. T^e resin was washed with DCM ( sl ^ " ™ 

resin) (ninhydrin negative) ^ ° 2 - bromoac * WMBHA- 



Step B: BOC-DpNal-(N-2-ph e nyl e thyl-G,yMMBHA. re si„) 
» ^Im^ - S ^ - - « - « - of 

-.gU^to^;^" 

«™ DUL -D-P-naphthylalarune using 1.70 e of BOP ™„ ~< 

HOBt,and421 U JofNMMforl8h,togivethetiU e comoo U nH , ■ I „ 8 

Bive me nue compound, (ninhydrin negative). 

*^ BOCOBNal-Df^^ 

15 The product of step B was deblocked, washed, and coupled to 806 mo n ^ , 

BOT.n.R.n^K,k i , • coupJedto806m g(2.56mmol,2.0eq)ofN- 
wj^-u-p-naphthylalanine usine 1 70 e of BOP iac ~ t 

StepD: BOC^ipJ-DPNal-DBNal-fN^phenylethyl-GlyJ-CMBHA- 

20 resin) 

wlt v T p ^" w ^ 

BOP, 346 mg of HOBt, and 421 u, of NMM for 4 h to give 

phenylethyl-GlyHMBHA-resin) (ninhydrin negative). DpNal (N-2- 
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Step E: (inip>-DpNal-DpNaMN-2.pheny]ethyl-Gly) amide, TFA salt 

The resin from Step D was deblocked, washed with methanol, dried, and cleaved with HF 
according to the general procedure to give 802 mg of a solid. A 70 mg portion was purified by 
HPLC (Vydac C-18, 1 x 50 cm, 25 to 40% acetonitrile in water over 60 min, 0.1% TFA, 9 
mL/min, rt= 33-50 min) to give 42 mg of the title compound. MS (electrospray, M+H) 6842. 



Example 21 




Urup)-DpNal-D0Nal-(3-I-Tyr) # 
TFA salt 



Step A: [3-I-Tyr<3-BrBzl)MO-resin) 

N-BOC-(03-Bromobenzyl)-3-Iodo-L-Tyrosine [Peninsula Labs, BOC-(3-I-Tyr(3-BrBzl)J was 
coupled to Hydroxymethyl-resin (Bachem, 1%DVB, 100-200 mesh, 1.0 mmol/g) with DIPC (3 
eq) and DMAP (0.25 eq) in DMA for 3 h. The resin was washed, deblocked, and washed again, 
according to the general procedure to give the title compound (ninhydrin positive). 

Step B: DpNal-[3-I-Tyr(3-BrBzl)MO-resin) 

BOC-DpNal (SyntheTech, 3 eq) was activated with HBTU (Richelieu Biotechnologies, 4 eq) and 
DIPEA in DMA and coupled to the resin for 1 h (ninhydrin negative). The resin was washed, 
deblocked, and washed again, to give the title compound (ninhydrin positive). 



Step C: DpNal-DPNal-I3.I-Tyr(3-BrBzl)J-(0.resin) 

BOC-DpNai (3 eq) was activated with HBTU (4 eq) and DIPEA in DMA and coupled to the 
20 resin for 1 h (ninhydrin negative). The resin was washed, deblocked, and washed again, to give 
the title compound (ninhydrin positive). 
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Step D: (Wp)-DpNal.DPNaW3.I.Tyr(3.BrBzl)MO-resi n ) 

N-BOC-isonipecotic acid (3 eq) was activated with HBTU (4 eq) and DIPEA in DMA , 
coupled to the above resin for 1 h (ninhydrin negative) nl 

washed with DCM MeOH and drJ, • ^ ^ deWocked ' 

s DCM, MeOH, and dned „ vacuo to give the title compound (ninhydrin positive). 

Step fc (inip).DpNal.DpNaW3.I.Tyr), TFA salt 

II* intermediate from step D was deaved with anhydrous HF according to the genera, 

» I 1^ *^ ^ " ^ ****** ^ * ™> » » 

nun 1 18 mL/nun, rt = 20 min) to give 101 mg of (^D3Na,-DPNal- ( 3-I-Tyr, TFA sa t as a 
colorlesspowderafterlyophilizanon.MStelectrc.^ vr>- ™ salt as a 



15 



20 



Example 22 




O H o { { 




(inip).DpNal.DPNa H N.,2.p h e„ ylethvl)/ N.(4-aminob»tyl>] amide, 



TFA salt 



Step A: DpNaH4-N-(2.phenylethyl)J.(BDA<:oO- re sin) 

A 10 g sample of the BDA-COO-resin from (Example 13, Step A) was swelled with DCM and a 

^^^T^ ^"^^^^^y with DMA and 
DCM (nmhydnn test showed a red color replacing the deep blue of the starting resin) and J 

deblocked, and washed again to give the „Ue compound (ninhydrin positive). 
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Step B: DpNal.DpNal.l4-N-(2-phenylcthyl)MBDA^:OO.ie8in) 

The intermediate from step A was reacted with a preactivated DMA solution of 0.45 g (1.44 
nunol) of BCC-D-p-naphthyblanine, 0.64 g of BOP, 0.19 g of HOBt, and 0.21 mL of NMM for 
1.5 h. The resin was washed, deblocked, and washed again, giving the title compound 
5 (ninhydrin negative). 

Step C ^p^DPNal-DpNal-lN^-phenylethyl), N-<4-aininobutyl)] amide, TFA salt 
The intermediate from step B was reacted with a preactivated DMA solution of 0.33 g (1.44 
mmol) of N-BCC-isonipecotic acid, 0.64 g of BOP, 0.19 g of HOBt, and 0.21 mL of NMM for 2 h. 
10 The resin was washed, deblocked, washed with methanol, and dryed in vacuo. HF cleavage as 
per the general BOC protocol above gave 100 mg of a powder, that was purified by reverse 
phase HPLC (15-20u, 300 A, Vydac C-18, IX 50 cm, gradient: 23 - 38% acetonitrile (0.1% TFA) in 
water (0.1% TFA) in 60 min at 9 mL/min, rt = 35 min) to give 10 mg of the title compound. MS 
(electrospray, M+H) 698.4. 



Example 23 




<inip)-DpNal-DpNaMN-2-phenylethyl) amide, 
TFA salt 

Step A: FMOC-DPNal-(Wang resin) 

Wang resin (6.0 g, 0.63 mmol/g, 3.78 mmol) was sweDed in DCM and coupled with 2.48 g (5.67 
mmol) of N-FMOC-D-P-naphthyialanine using DIPC (11.3 mL of a 1 M solution in DCM, 11.3 
mmol) and 100 mg of DMAP in DCM for 6 h, to give the title compound, after washing with 
20 methanol and drying in vacuo (yield 8.14 g). 

Step B: DpNal-D£Nal-(Wang resin) 

Employing the standard FMOC chemistry cycle above, a 4.0 g sample of FMOC-DpNa]-(Wang- 
resin) (0.63 mmol/g, 2.52 mmol) was swelled in DCM, deblocked, washed, and coupled with 
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2.20 g (5.04 mmol) of N-FMOC-DpNal using 223 e of BOP , 

positive). * u P N al-DpNal-(Wang-resin) (ninhydrin 

5 Step C: BOC.(inip).DpNaI-D P NaWW.„g «..„) 

Tne above sample of DpNal-DpNal-OVang-xesin) was coupled with 2 31 „„ , 
BOC-isonipecotic acid (fro m b™,, , Method 1 _ f ^ 231 « (101 »«-) of N- 

washed with methanol and dried in vacuo " WWch Was 

10 

over magnum sulfale Concen ^ wlh 1 N sodium hcrto^ waKr , ^ ^ ^ 
compound. MStefcc^p,,^,^ ^ " " 33 ""' «"« " »* «" »« «>« 



Example 24 




(inip).DpNal-DPNaHN-(4-aminobutyl)] amide, 
TFAsalt 
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Step A: BOC-D0Nal-<BDA-COO-resin) 

A 5.0 g (0.24 mmol/g, 12 mmol) sample of the BDA-COO-resin from Example 13, Step A was 
neutralized, washed with DCM, and coupled with 0.76 g (2.4 mmol) of BOC-DpNal, 1.06 g of 
BOP, 0.32 g of HOBt, and 0.40 mL of NMM for 2 h according to the general BOC chemistry 
5 protocols given above. The resin was washed, giving BOC-DPNal-(BDA-COO-resin) 
(ninhydrin negative). 

Step B: BOODPNal-DPNaMBDA-COO-resin) 

The above sample was deblocked, washed, neutralized, washed, and coupled with 0.76 g (2.4 
10 mmol) of BOC-DpNal, 1.06 g of BOP, 0.32 g of HOBt, and 0.40 mL of NMM for 2 h, giving BOC- 
DPNal-DpNal-(BDA-CC>0-resin) (ninhydrin negative). 

Step C; (inip)-DpNa]-DpNaMBDA-COO-resin) 

The resin from Step B was washed, deblocked, washed, neutralized, washed, and coupled with 
15 0.55 g (2.4 mmol) of N-BOC-isonipecotic acid (Example 1, Method B, step E), 1.06 g of BOP, 0.32 
g of HOBt, and 0.40 mL of NMM for 2 h, giving BOC-(irup)-DPNal-DPNal^DA<:Cx>resin) 
(ninhydrin negative). The resin was washed with DCM, deblocked, washed with DCM, 
methanol, and dried in vacuo. 

20 Step D: <mip)-DpNaI-DPNal-IN^4-aminobutyl)] amide, TFA salt 

The above resin (6 g) was cleaved with HF according to the general procedure and afforded 320 
mg of a solid after lyophilization. The sample was purified by reverse phase HPLC (15-20u, 300 
A, Vydac C-18, IX 50 cm, gradient 12%-26% acetonitrile (0.1% TFA) in water (0.1% TFA) in 80 
min at 9 mL/min, rt = 18 min) to give 138 mg of the title compound. MS (electrospray, M+H) 

25 594.2. 



Example 25 




<inip)-DpNaMN-Me-DPNal)-[N-(4-aminobutyl)J amide, TFA salt 
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Step A: BOC-(N-Me-DpNalMBDA-COO-resin) 
Step B: BOC-DPNal-(N-Me-DpNal)-(BDA-COO-resiii) 

Step C: «nip)-DPN.l.(N.Me.DPNal).(BDA<:00- re si„) 
> The above sample was deblocked w**h~A 

ed ' neutral ized with 5% DIPEA/nrxx . u J 
coupled with 648 mg (3 mmol) of ... LMrEA/DCM, washed, and 

NMM for 1 h givL BOCr ^ ^ Cid ' 1 - 328 ° fMP ' and 045mL ^ 

n, g 1V ing B OC-(ini P )-DpNal-{N.Me-DpNal)-rBDA^rvv • , , 
negative). The resin was washed with DCM d Ph , v T* 1 *^ 000 ^ ("inhydrin 

-dmva.otogivel.gof^ 

The above resm (1.2 g) was cleaved with HF according to the ~ , 

mg of a solid after lyophilization A 57 me J ? * 100 

20.. 300 A, Vydac C 18 ,X sT h ' * *~ "PLC (15- 

y aac<_i 8 , 1X50 cm, gradient: 20 - 35% acetonitrile rt> 1% TTA* 
TFA, in 60 min at 9 mL/min, rt = 28 min) to give 27 me " ' 

(electrospray, M+H) 607.7. 8 PUn! Ht,e com P°«nd. MS 
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Example 26 




(inip)-DPNaHN-Me-DpNal).N.(4-piperidinyl) amide, 
TFA salt 

Step A: N-CBZ-isonipecotic acid 

Benzyl chloroformate (16.4 mL, 115 mmol) in toluene (50 mL) was added dropwise to a stirred 
solution of 12.9 g (100 mmol) of isonipecotic acid (Aldrich) and 21.0 g (250 mmol) of sodium 
5 bicarbonate in 200 mL of water. After 14 h, the mixture was extracted with ether (3 x 50 ml) 
and the ether layers were discarded. The aqueous layer was acidified with cone. HC1 to pH 2, 
causing the product to precipitate. The product was partitioned into ethyl acetate (3 x 50 mL) 
and the combined organic layers were washed with brine, dried over magnesium sulfate, and 
concentrated in vacuo to yield 22.6 g (86%) of N-CBZ-isorupecotic acid as a viscous oil. 

10 

Step B: N-CBZ-4-(BOC-amino)-piperidine 

A solution of N-CBZ-isonipecotic acid (10.3 g, 38.9 mmol) in tert-butyl alcohol (100 mL) and 
DCM (100 mL) was treated with diphenyiphosphoryl azide (11.8 g, 42.8 mmol), TEA (5.97 mL, 
42.8 mmol), and the resulting mixture was heated at reflux for 3 days. The solution was 
15 concentrated in vacuo and the residue was partitioned between ether and water. The organic 
layer was washed successively with 10% aq citric acid, sat. sodium bicarbonate, brine, dried 
over magnesium sulfate, and concentrated to an oil. This residue was purified by silica gel 
flash chromatography (gradient elution, 7:3 to 1:1 hexane-ether) to afford 3.2 g (25%) of the title 
compound as a colorless crystalline solid: TLC Rf 021 (1:1 hexane/ethyl ether). 

20 

Step C 4-(BOC-amino)-piperidine 

N-CBZ^-(BOC-arruno)-piperidine (3.0 g, 9.0 mmol) was dissolved in ethanol (100 mL) and 
transferred into a Parr shaker bottle. After adding 10% palladium on carbon (0.5 g), the 
mixture was shaken under an atmosphere of hydrogen at 50 psi for 0.75 h on a Parr apparatus. 
25 The catalyst was removed by filtration through a pad of Celite. The filter cake was washed 
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with ethanol and the combined filtrate and washings were concentrated 
(100%) of crude 4-fBOC-amin,^ • .... concentrated m vacuo to yield 1.8 g 

, cruae 4-(BOC-anuno)-piperidine as a pale yellow oil Thi* „ a > 

5 StepD: lMBOC-am mo >-p,peridine)-<COO-resin) 

d»x™, DCM. and d™d „ „„,„, , 0 provMc 4< g „, ^ ^ ^^^^ 

S«p E »OC.(N-M.D P NdH«4-,™^ plpeH<lilldwcoo . mfa) 
An H*», ,0.82 g. -0.33 -( o( „ to ^ 

ninhydrin test was observed. ^MA/DCM for 1 h, after which a negative 

w.th TFA, neutralued, washed, and coupled with 4 eq of FMOC-D-B nanh* , 

BOP-C1, and 6 eq of D1PEA in DCM „ u ^P-naphthylalamne, 4 eq of 

observed. ^ ^ 3 - was 

25 Step c: ^DPNal^N-Me-DPNa^pipendinyl, amide, TFA sal, 
The above sample of FMOC-DBNal-fN-Me-DBNah U-m 

' W ^'* raidnedm ''»°'»'ogive(iliip).D8N a |-(N-M e -DBNdM«4 
« / *e» U ec om po md „ acotollesspo „ dera(te[lyophilj2alion ^ * 
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Example 27 




(inip>-DpNaMD-p-napthyIalanol), 
TFA salt 

A 0.30 g sample of BOC-(inip)-DpNal-DPNal-{Waiig resin) (from Example 23, Step C) was 
suspended in 5 mL of THF under nitrogen and 0.90 mL of a 2.0 M solution of lithium 
borohydride in THF (Aldrich) added. After 1.5 h, 2 mL of HOAc was added carefully, the 
suspension filtered, and the resin washed with MeOH. The combined filtrates were 
concentrated three times from MeOH to give a solid, which was treated with 9 mL of 
TFA/DCM (2:1) containing a few drops of triethylsilane for 1 h. The solution was concentrated 
to give 270 mg of a solid, which was purified by reverse phase HPLC (15-20u, 300 A, Vydac C- 
18, 23 X 27 cm, gradient: 25 - 39% acetonitrile (0.1% TFA) in water (0.1% TFA) in 80 min at 18 
mL/min, rt = 50 min) to give 39 mg of the title compound. MS (electrospray, M+H) 510.0. 



Example 28 



30 




(inip)-DPNaMN-Methyl-D-P-naphthylalanol), 
TFA salt 



-115- 



WO 96/15148 



PCT/US95/14968 



15 



20 



25 



Step A: <N-Me-D0NalWOtesin) 

inM , * • ^V&l^nunoljof hydroxymethyl-resin with DIPC (4 50 mi„< a 

1.0 M solution in DCM 4 50 ir. m «i. cc ,~ 1 w L °' a 

5 h n. • 0l) ^ 55mg(a45 ™ ol )ofDMAPinDMA/DCMn nfor7 

g^vethetiUe^pound^^^^^^^ BOC procedure, to 

StepB: D3NaI-(N-Me-DflNal)-(0-resin) 

The above (N-Me-DPNal)-(O-resin) was coupled with i « C n 

naph.^, , 01 g of ^ ^ L46 m f; f BOC - D - p * 

Step C: BOC-(ini P >-DPNal.(N.Me.DpNal).(0.re8in) 
To a slurry of the above D6Nal-fN-Me-DRM a iwrv • x 

^™o 1 ,„ fN .Boc.^i^trBri:rT <i:,, ^ addedm8 

o/NMM Afterlhs ' 1 ™ 8 of BOP, and 0.61 g of HOBt, followed by 1.0 mL 

S.ep D= «»il.>-D PNd K N . M „ hyl . D ^ luphthyhUii(>1) ^ 

A 10 g (0.64 mmol) sample „ me above BOC-fmlpVDBN^ M^DRM ^ 

* 10 - WF under ni*^ J, 3 ^^Tm , ' 
oorohydride in THF (Aldrich) added. A^ 15h 2 mL . ^ ^ TT " 

«— • - «- -in washed « k 

"^KdSXWMeOH .ogive a solid .ll T. , 

' hlch was ^ted with 6 mL of TFA/DTM « i » 
contammgafewdropsoftriethylsUaneforlh Th^..,« IWDCM (1:1), 

of a solid containing salts A* M 1 , ^ ^ was ^entrated to give 700 m g 
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Example 29 



10 




Me 




BOC-(inip)-DBNaMN-inethyl, N-I(2R)-2-(l-amino-3-(2-naphthyI)p ro pyl]| amide, TFA salt 
Step A: BOOtinipKDfJNal 

To a stirred solution of 10.0 g (44.0 mmol, 1.0 eq) of N-BOC-isonipecotic acid (from Example 1. 
Method B, Step E) in 200 ml of DCM was added 100 mg of DMAP and 4.53 g (22 mmol. 0.5 eq) 
of DCC After 1 h, the dicyclohexylurea was filtered off and the filtrate added to a solution of 
4.7 g (22.0 mmol, 03 eq) of D-B-naphthyalanine and 35 ml of NMM in 200 ml of DCM. The 
reaction was stirred overnight, concentrated, and the residue partitioned between ethyl acetate 
and 0.5 N citric acid. The organic phase was washed with water, brine, evaporated, and the 
product recrystallized from ethyl acetate, to give 3.95 g of BOC-(inip)-DBNal. Another 2.14 g 
was obtained by chromatography of the mother liquors on silica (ethyl acetate/HOAc, 98:2), 
combined yield: 65%. 1h NMR (300 MHz, dVacetone) 8 7.8 (3H, m), 7.65 (1H, s), 7.4 (3H, m), 
7.2 (1H, d), 4.8 (1H, m), 3.88 (2H, m), 3.35 (1H, m), 3.15 (1H, m), 2.62 (2H, m), 2.35 (1H, m), 1.6- 
1.4 (4H, m), 1.35 (9H, s). MS (FAB, M+H) 427.2. 

15 Step B: BOC-(N-Me-D-fJ-naphthylalanol) 

To a cold solution of 3.25 g (9.9 mmoU.O eq) of BOC-(N-Me-DBNal) (from Example 4, Step B) 
and 1.10 g (10.9 mmol, 1.1 eq) of TEA in 50 ml of dry THF, was added dropwise over 30 min, a 
solution of 1.19 g (10.9 mmol, 1.1 eq) of ethyl chloroformate in 10 ml of dry THF. The reaction 
turned bright red and TEA hydrochloride precipitated and was filtered off. The red filtrate was 

20 added dropwise to a cold, stirred solution of 1 JO g (39.6 mmol, 4.0 eq) of sodium borohydride 
in 50 ml of methanol/ water (1:1). After stirring overnight, the reaction mixture was 
concentrated to 1/2 the initial volume and partitioned between ethyl acetate and 0.5 N citric 
acid. The organic phase was washed successively with water, 10% potassium carbonate, 
saturated sodium bicarbonate, brine, dried over sodium sulfate, filtered, and concentrated to 

25 yield 2.91 g of an oil (94%). *H NMR (300 MHz, CDCI3) 6 7.75 (3H, m), 7.6 (1H, s), 7.4 (3H, m). 
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4.3 <1H), 3.7 (2H, m), 3.0-2.8 (6H, m) 1 3 f<m ™ T p , i 

13634144. MS( EU / m )4272. ' fa* ) 3428, 3050, 2977, 1689, 1669, 

5 A cold soluhon of hydrazoic acid (4.14 mmol i Sefllinlwi 

» ov„ sulfate . ^ ->~ - M 

^.aoSO,^™,* »™™»8»phy „ .flic (h,*™/^, 

«... ™ C.H. „, 7 « „ 1" 1 1 °™ P ° md ^ «» MHz. CDa 3 , , 7.75 ^ 

20 Sle PD: BOC-{inip).D3NaHN.melhvl N-f«RU9« -a , 

Aso^onof 300mgof(2R H -"-"'^^.hyl^opy,), amide 

g OT ( ^ H " Md ^ 2 "(BOC-methylamino)-3-f2-n a T,KfK,,n 

250 pi of NMM in 15 ml of DCM/DMF (2-1) Tfw ™ ""' 
« ana me preapitatedd^clohexylurea was filtered off tv 

im. MS,FAB.M.H)«9.4. fc 111 ) 3309, 3057,2977, 2930, 2100, 1689, 1635, 

Step E: BOC-(inip)-D0NaMN-methvl N-fttn» t n • . 
35 TFA salt ^ ^"^"•"^--P^yOpropylJ, ami de, 

Asolutionof280mg(0.43mmol)oftheazidefromsteDDini C;TO i , u 



WO 96/15148 



PCT/US95/14968 



was purified by reverse phase HPLC (15-20u, 300 A, Vydac C-18, 1 X 50 cm, gradient: 30 - 45% 
acetonitrile (0.1% TFA) in water (0.1% TFA) in 60 min at 9 mL/min, rt = 39 - 48 min) to give 8 
mg of the title compound. IR (cm* 1 ) 3409, 3296, 3057, 2977, 1675, 1430, 1204, 1171, 1131. MS 
(electrospray, M+H) 624.5 



Example 30 




(imp)-DpNaHN-methyl, N-[(2R)-2-(l-amino-3-(2-naphthyI)propyllJ amide, 

TFA salt 

A solution of 200 mg of BOC-(inip)-DPNal-|N-methyl, N-[(2R)-2-(l-amino-3-(2- 
naphthyl)propyl]} amide, TFA salt (from Example 29, step E) in 2 ml of DCM was treated with 
2 ml of TFA, stirred for 1 h, and concentrated to give 490 mg of crude product. A 100 mg 
aliquot was purified by HPLC (Vydac C-18, 1 x 50 cm, 20 to 35% acetonitrile in water, 60 min, 
10 0.1% TFA, 9 mL/min, rt= 21-31 min) giving 17 mg of the title compound. MS (electrospray, 
M+H) 523.2. 



-119- 



WO 96/15148 



10 



PCT/US95/14968 



Example 31 




Me 

«0 H 0 I H 




Gnipt-DPNaHN-methyl, ^URM-tl-aceianudo-3-(2-iuphthyl)propyll| amide, 

TFAsalt 



»dium sulfate „ d evaporated !». , \i Ph "" ""* drUd ° ver 

— . ,idt ?r "* ,aken np *• 2 ~ * 004 ~ 2 «* - 

puH«ed by HPLC cT, , ' V,P °" ,ed ^ "* "* *"*" « «•> ~ 



Example 32 




(inip)-DPNaHN-l. l2 .(2.„aphthyl)ethyl)]amide, 
TFAsalt 



Step A: 2-(2-Naphthyl)ethyIajni n e hydrochloride 

A solution of lithium aluminum hydride (LAH 100 mm ~i on , . _ 

.. l ^' IOOmmol ' 30e <l)«n300mlofdrvether a tnor 
» ^ and , ^ „, ^Wetonit,* (5 , & „ ^ ^ fa ^ « ' C 
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ether added over 2 h. To the resultant bright orange slurry, was added dropwise, 25 ml of cold 
(0 °C) 12 N sulfuric acid, and the mixture stirred until colorless. The reaction mixture was 
partitioned between ether and water and the ether phase, containing mostly unreacted 2- 
naphthylacetonitrile, discarded. The aqueous phase was basified with sodium hydroxide and 
5 the separated free amine extracted into ether, dried over sodium sulfate, filtered, and acidified 
with anhydrous HC1 in dioxane. The precipitated HC1 salt was collected by filtration to give 
890 mg of the title compound. *H NMR (300 MHz, D2O) 8 7.82 (3H, t), 7.7 (1H, s), 7.45 (2H, m), 
738 (1H, d), 3.25 (2H, t), 3.05 (2H, t). MS (FAB, M+H) 172.1. 



10 Step B: BOC-(inip>-DpNaHN-H2-e^naphthyl>ethyl}l amide 

A mixture of 100 mg (0.23 mmol, 1.0 eq) of N-BCX!-(inip)-DpNai (from Example 29, step A), 42 
mg (023 mmol, 1.0 eq) of 2-(2-raphmyl)emylamine hydrochloride (step A), 132 mg (0.69 mmol, 
3.0 eq) of EDC, 31 mg (0.23 mmol, 1.0 eq) of HOBt, 87 ul (0.69 mmol, 3.0 eq) of NMM, and 5.0 
ml of DMF was stirred overnight at ambient temperature. The reaction mixture was 

15 partitioned between ethyl acetate and dilute hydrochloric acid and the separated organic phase 
washed successively with water, saturated sodium bicarbonate, brine, dried over sodium 
sulfate, filtered, and evaporated. The crude product was chromatographed on silica (ethyl 
acetate/hexane (70:30), Rf= 0.5) to give 110 mg of the title compound. IR (cm" 1 ) 3289, 3057, 
2977, 2930, 2857, 1695, 1642, 1423, 1171, 819, 739. MS (FAB, M+H) 5803. 

20 

Step C (inip).DPNal-(N.H2-(2.naphthyl)ethylH amide, TFA salt 

A solution of 110 mg of N-BCCKirup^DpNal-[N-lM2-(2-naphmyl)ethyl}J amide (step B) in 4 ml 
of DCM was treated with 2 ml of TFA and stirred for 2 h. The concentrated crude product (121 
mg) was purified by HPLC (1 x 50 cm, Vydac C-18, 25 to 40% acetonitrile in water over 60 min, 
25 9 mL/min, 0.1% TFA, rt= 25-30 min) to give 29 mg of the title compound. MS (electrospray, 
M+H) 479.8. 
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Step A: N-Methyl-N-^-naphthyDethylamine, TFA sal, 

A solution of 2-(2-naphthyl)ethylamine (1.4 rrunol 10 ec)in DCM 

This product was dissolved in 10 ml of dry THF 262 ul ia •> 

sodi™ biauUte . water , ^ ^ ovw d ' N 

(3H.s).15 5(1H , s) . MS( f ab , m , H)186j1 ■■»>-ra(lH.d). 2.9 ««.„,. 2.4 

3.0eq)ofEDC 138mef 103 7 « ^^W^ (step A),584 mg (3.06 mmol. 



30 



35 



Step O «nip,.DpN.I- l N.„«h yl , N^-n.^,,,^,, m 

^ / m ' ^nrrea ior 2 n, and concentrated to cive 

2 A90m8aliqUOtWaS ^ b yHPLC (lx5 0c m ,V yd acC- 18 27^ 

the utle compound. MS (electrospray, M+H) 493.8. 8 
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Example 34 




(inip)-D0NaMN^2-naphthyl)methyl) amide, 
TFA salt 

Step A: 2-Aminomethylnaphthylene hydrochloride 

A stirred 0 °C solution of 20.0 g of 2-naphthaldehyde (128 mmol) and 98.7 g (1.28 mol) of 
ammonium acetate in 200 mL of MeOH/HOAc (99:1) was treated with 5.62 g (90.0 mmol) of 
sodium cyanoborohydride, portionwise. The solution was stirred at ambient temperature for 
5 24 h, concentrated in vacuo, resuspended in water, and basified with sodium hydroxide. The 
product was extracted into ether, washed with water, brine, dried over magnesium sulfate, and 
filtered. The filtrate was treated with a dry ethereal solution of HCI, and the precipitated 
product washed with ether and dried to give 16.5 g (65%) of 2-aminomethylnaphthylene 
hydrochloride. 

10 

Step B: (inip)-DPNal-(2-aminomethylnaphthyl) amide, TFA salt 

A mixture of 124 mg (0.29 mmol) of BOC-(inip)-DPNal (from Example 29, step A), 84.5 mg (0.54 
mmol) of 2-aminomethyinaphthylene hydrochloride (step A), 67 mg (0.348 mmol) of EDC, 47 
mg (0.348 mmol) of HOBt, and 140 nL of NMM in 5 ml of DMF was stirred overnight at 

15 ambient temperature. The reaction mixture was partitioned between ethyl acetate and water 
and the separated organic phase washed succesively with 1 N sodium hydrogen sulfate, 1 N 
sodium bicarbonate, brine, dried over magnesium sulfate, filtered, and evaporated. The crude 
product was dissolved in 4 ml of DCM/TFA (1:1), stirred for 2 h, and reconcentrated to give 
160 mg of crude product. An 85 mg aliquot was purified by HPLC (1 x 50 cm, Vydac C-18, 23 

20 to 38% acetonitrile in water over 60 min, 0.1% TFA, 9 mL/min, rt= 45 min) to give 4.6 mg of the 
title compound. MS (electrospray, M+H) 466.0. 
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Example 35 





(inip).DpNal-(D-Tryptophanol), 
TEA salt 



25 



Step A: BOC-D0Nal-DTip-(O-iesin> 

^-«^^^^rr,r* ,,,4 - 4< -» hd "-'"»« 

*» ..5 h, araritag lo £ .t^BoT ^ , '' nd037,,,L, " a,, °' NMM 
Mnhydnn nepo.e, 8 ^ ^ ^-^-^•(O-^, 

SlepB: BOC-BidpWBNaHJTT-KJ-mto) 

Step O H"ip)-DPN,l^I>.T W „ph M , 0 „, 1TAMl| 

The diy resin from step B (BOC^^DBNJ-OT™.^™, , , 6 „. 

of THF under rdttogen and 4 80 mL or a 2 0 M ^ ' 5 '" Pe ™ led ^' m '- 

was concent. «! «,,„, „ ith „ mL „, tm^.^ , ™ ' ^ 
=™)»glv« 23 », g o fl he U11 ec m ,p^ d . MS.elec^s^.M.H,^ 
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Example 36 



10 




O - H 



H 



<inip)-DBNa!-lN-tryptaminyl] amide, TFA salt 
Step A: BOC-(inip^D0NaHN-tiyptaminyI) amide 

A mixture of 100 mg (0.23 mmol, 1.0 eq) of N-BOC-(inip)-DBNal (from Example 29, step A). 132 
mg (0.69 mmol, 3.0 eq) of EDC, and 47 mg (0.35 mmol, 15 eq) of HOBt in 15 ml of DCM/DMF 
(2:1) was stirred for 10 min. then 40 mg (0.25 mmol, 1.1 eq) of tryptamine and 40 ul (035 mmol, 
13 eq) of NMM were added. After 14 h at ambient temperature, the reaction mixture was 
partitioned between ethyl acetate and dilute citric acid and the separated organic phase was 
washed successively with water, saturated sodium bicarbonate, brine, dried over sodium 
sulfate, filtered, and evaporated. The crude product (160 mg) was chromatographed on silica 
(ethyl acetate/hexane (70:30), Rf= 0.5) to give 90 mg of the title compound as a crystalline solid. 
1R (cm-1) 3342, 3289, 3057, 2977, 2924, 2857, 1675, 1636, 1556, 1436, 1224, 1164, 739. MS (FAB, 
M+H) 569.3. 



Step B: Gnip)-DBNaMN-trvptaminylJ amide, TFA salt 

A solution of 70 mg of N-BCXT-(inip)-DBNal-[N-tryptanunyl] amide (step A) in 4 ml of DCM 
15 was treated with 3 ml of TFA and stirred for 1 h. The concentrated crude product was purified 
by HPLC (1 x 50 cm, Vydac C-18, 20 to 35% acetonitrile in water over 60 min, 9 mL/min, 0.1% 
TFA, rt= 30-48 min) to give 32 mg of the title compound. MS (electrospray, M+H) 469.4. 
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Example 37 



H 9 



II - n TT I H O 



25 



NH 2 

(i«ip)-D3NaI.DTip.Phe-Ly».«„ide, TFA salt 

The title compound was prepared in an identical fashion to (WpH^Na^N^ 

Tryptophan for BOC-DpNalm the third coupling (step Q Washine drvin 7. 
per the general BOC protocol above gave 250 m. 1 « d *»W - 

k„ • 8 250 m 8° fa P° w d«. A 102 mg aliquot was Durified 

by reverse phase HPLC (15-20n, 300 A Vvdac r i* i v m , 1 P Cd 

-pound. •.W—w,.^.,^ ***"- S, - n>to «" 23 ■•-»■"• 

Example 38 
Anterior PituiUry Cell Assays 
TPit" Cell Assays) 

•* we« cen^ 10 o„ , g for s mfa . ^ ^ md £ * 

(G.b») co„,^ g a, nM hepes. .00 U/ ml PS and 10% FBS (Hyd™ A-Ml-U Clb „ J 

pu*d p., „«„ ta le weB pUtes (Fafcon) ^ m 3?0c ^ s% OT (w J| 
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days. For challenges to determine release of other pituitary hormones ceUs were plated at 
200,000 cells per ml with 2 ml per well of a 6-welI plate (Corning). 

Challenge: A (inip)bbFK-NH2 stock (or other GHRP) concentration of 1 mM was made in 
5 DMSO and diluted with wanned media approximately 30 min prior to use. The highest 
concentration of DMSO in media was 0.1%. Stock solutions (ImM) of rat GHRH, somatostatin 
(Sigma) and GHRP antagonist HwkWfK were made fresh in media and diluted appropriately. 
The media used in all challenges and washing steps was DME low glucose with 20 mM Hepes, 
100 U/ml PS, 10% FBS. Media was warmed to 37°C and gassed by placing it into the incubator 

10 prior to challenge. On day three, the media was discarded and fresh media (approximately 1 
ml) added for the first of three washes. After the last wash, the plate was placed back in the 
incubator for a 15 min pre-incubation. Then cells were washed 2x (with warmed and gassed 
media) and fresh 0.5 ml media were added for the second 15 min. pre-incubation. After the 
second pre-incubation cells were washed 2x as above and 0.5 ml of control and test solutions 

15 were added for a final 15 min incubation. After this incubation, the media were removed for 
subsequent GH EUSA. 

GH EUSA: A two-site EUSA was used to determine rat GH concentration in the media. 
Briefly, goat anti-rat GH antibody (lot# 19164-20) was used to coat Nunc immunoplates 
20 overnight. After blocking and washing, standard (rat GH reference preparation : Parlow) and 
challenge media is diluted 1:20 prior to GH assay were added for a 1 hr room temperature 
incubation. 

STATISTICS: The mean for each group was determined and analyzed by one-way analysis of 
25 variance with a post-hoc Student-Newman-Keuls. Significance is defined as P < 0.05. The 
EC50 was calculated using a 4-parameter curve-fit program (Kaleidagraph). Three to four 
independent EC50S were used to derive the mean and SEM. 

RIA of pituitary hormones: LH, FSH, TSH, and Prolactin were determined with commercially 
30 available kits from Amersham, and ACTH levels were determined by a RIA kit from ICN. 

CALCIUM FLUX EXPERIMENT: Pituitary cells were plated on fibronectin (Collaborative 
Research) coated two-chambered slide wells (Nunc). After four days in monolayer culture cells 
were rinsed three times with HBSS (Gibco) in 1% BSA and 15 mM HEPES and then incubated 
35 for 30 min at 37° C with 5 uM Indo-1 AM (Molecular Probes, Eugene) in HBSS also containing 
1% pluronic F127 (Molecular Probes). The cells were rinsed once and fresh media added for RT 
incubation. Cells were challenged within 30 min with 10 nM (uup)bbFK-NH2, vehicle or 2.5 
uM ionomycin (Sigma). Ca ++ flux was imaged with a Meridian ACAS 570 using stage 
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scanning at 21 second intervals. Ca++ bmmH , 

$ T . , bound Indo-1 was measured at 405 ±22 run and Ca++ 

free Lrtdo-1 was measured at 530+ 1* « m tu ^ a 

asureaat530±15nm. The raho of bound vs free Indo-1 was calculated and 
corrected with a standard curve r^u ^ . . aiea ^ 

Peonie RTTsien curve created under identical instrument settings (Grynkiewicz G, M 

Peoni* RT Tsien A new generation of Ca~ indicators with greatly improved flourescence 
properties. Journal of Biological Chemistry 260: 3440-3450, (1985J). 

Example 39 
In vitro and In vivo Biological Data 

10 Biological data for selected prior art compounds is provided in Table II 



Table n 



15 



20 




25 The following selected in vitro and ,„ *„, biological data 

by formula IV is provided in Table III 



for compounds represented 



30 



R B o [fro 

Ar 2 



IV 
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Table III 
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1 Structure 
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(Ava) b b chA K 
(Ava) bb(P^| K 
(Ava) b b (pG) K 
(inip) b b npA K 
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(Ava) baFK 
(abb F K 
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(Ava) b b npA K 
(cho) bbFK 
(Ab) b b B ram 
(inip) b b f dam 



Jablelll (cont.) 
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Table III (cont) 



Structure 
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Ihe foUowing selected in vitro and in vivo biological data for compounds 
represented by formula HI is provided in Table IV 
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I Structure 
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The following selected in vitro and in vivo biological data for compounds represented 
by formula II is provided in Table V 
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O 1 L' R c 

a r a n*St n y 

R B O 2 L 
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Table V (cont.) 
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comDo ^ f ° U °^^ !n ^ and,^ blologlcaldataforthe .. retroinverso „ 
compounds represented by formula V is provided in Table VI 

D Ar 1 
R 1 L / O 

O 'c 2 L 
R Ar 2 
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Table VI 




-134- 



WO 96/15148 



PCT/US95/14968 



Example 40 

GHRP Induced Growth Hormone Secretion: Intravenous Administration 

Immature weanling female Sprague Dawley rats were purchased from Charles River 
5 Labs (Portage, Oregon) and group housed with water and food available ad libitum. When the 
rats were 24-30 days old (weighing 50-90 g) they were anesthetized with pentobarbitone (4 mg 
in 05 ml, approximately 60 mg/kg) given by intraperitoneal injection. The rats were then 
placed briefly on a heated pad, to distend their tail veins, and given an intravenous tail vein 
injection of the peptides 20 minutes after receiving the anesthetic. The intravenous injection 
10 was of 0.1 ml using a 1 ml syringe. The injections contained graded doses of peptides or the 
vehicle (vehicle for all peptides given intravenously was a buffer of 20 mM sodium acetate, 45 
g/1 mannitol, pH 5.0). Ten minutes after the intravenous injection blood was taken by cardiac 
puncture, using a 3 ml syringe, and the rats were then sacrificed. 

The blood was then dotted on ice, centrifuged, serum decanted and frozen for subsequent 
15 analysis using the rat GH EUSA described elsewhere in the application. For the rat GH EUSA 
the serum was diluted 1:50 or 1:250, depending on the expected serum GH concentrations 
achieved, and assayed in duplicate. 

20 Example 41 

GHRP Induced Dose Dependent Weight Gain in Rats 

Methods; Forty normal Sprague Dawley female rats (Supplier, Charles River, 90 days of age, 
average weight 200 g) were group housed in a room controlled for temperature and lighting 
25 and fed a standard pelletted rat diet and tap water ad libitum. The rats were weighed on the 
day of surgery (see below) and randomized into 5 groups of 8/group using a grouping 
program. 

The GHRP (inip) b b F K-NH2, was dissolved in a sodium acetate (20 mM) buffer (pH 
5.0) containing mannitol (45 g/1) at 8 g/1, 1.6 g/1 and 0.33 g/1. Rat GHRH (1-43) was dissolved 

30 in the same buffer at 25 g/1. Osmotic minipumps (Alza, Palo Alto, model 2002, pump rate 0.52 
ul/hr for 14 days, fill volume 230 nl) were filled with these solutions (1/rat for (inip) b b F K- 
NH2 and 2/ rat for rat GHRH); a fifth set of pumps were filled with the sodium acetate buffer. 
All the pumps were primed by being incubated in isotonic saline overnight in a refrigerator. 

The next day these osmotic pumps were inserted into rats. To do this the rats were 

35 anesthetized with ketamine/xylazine (62.5 and 12.5 mg/kg/rat, respectively, by i.p. injection). 
The dorsal neck was then shaved, swabbed with betadine solution and cleaned with alcohol. 
An incision was then made on the dorsal neck and the a subcutaneous pocket created caudally 
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by blunt dissection. The pumas wore fh„„ - , . 

cage. P hen ambulator y w « returned to its home 

The rats were then weighed everv dav an a a , 

, were then bled from the heart and oreans taken Th» 

£t£T?r r y ' ave " - ~ 

The body weight gains plotted against time for the 5 H. a f~ > 

Figure 19. Bo* (inip) b b F K-NH 2 and r!t GhTII h ' ^ ^ ^ " 
„ u> ■ "2 ana rat GHRH induced significant body weight and orean 

we,ghtgamcomparedtothevehicletreatedrats. gtandorgan 
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Example 42 

Comparison of SC injections and SC infusions 
Methods: Forty norma, Sprague Dawley female rats (suppHer Char,es River, 150 days of age 

z:?: w t: t s) were ^ housed * a room — — 

-d fed a standard pelletted rat diet and tap water ad libitum, rhe rats were weighed ^ 
^ofsurgery ( see below, and randomly mto 5 groups of .group using a ^ 

contain ^ ^ b " ' ^ W - sodium acetate (20 mM) buffer (p H 5 0) 
* e^ct,on solutions. Osmotic minipumps (Afca. Palo Alto, model 2002, pump ra e OS 

Pu m ps were filled with the sodium acetate buffer. All the pumps were 
mcubated m isotonic sahne overnight in a refrigerator. y 8 

The next day osmotic pumps were inserted into all rats To dn ♦»,;« 
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The dorsal neck was then shaved, swabbed with betadine solution and cleaned with alcohol. 
An incision was then made on the dorsal neck and the a subcutaneous pocket created caudally 
by blunt dissection. The pumps were then inserted into the pocket with the end of the pump 
delivering the solution positioned away from the incision. The incision was then closed with 
5 wound dips, the rat placed on a heated pad and when ambulatory was returned to its home 
cage. 

The treatment groups were; 

1) Excipient pump, excipient injections 2 times a day. 
10 2) (inip) b b F K-NH2 pump (100 Hg/day), excipient injections 2 times a day. 

3) (inip) b b F K-NH2 pump (20 Hg/day), excipient injections 2 times a day. 

4) Excipient pump, (inip) b b F K-NH2 injections 50 ng 2 times a day. 

5) Excipient pump, (inip) b b F K-NH2 injections 10 \ig 2 times a day. 

15 The rats were then weighed every day and injected twice daily with either excipient or 

the two doses of (inip) b b F K-NH2. On day 14 they were sacrificed using inhalation of carbon 
dioxide. They were then bled from the heart and organs taken. The rats were skinned and 
eviscerated to weigh the amount of skin, muscle and bone (the carcass). The pituitary, spleen, 
heart, kidney, liver, thymus and the soleus muscle were also taken and weighed while the 

20 tibias were removed and placed in 10% formalin for subsequent histological evaluation. The 
tibias were sectioned longitudinally and the width of the epiphyseal plate was measured using 
a microscope fitted with an ocular micr o me ter . 

Serum chemistries were measured using standard automated techniques. Serum 
insulin-like growth factor-1 (IGF-1) was measured by radioimmunoassay, using an antibody 

25 raised in rabbits, after acid ethanoi extraction to remove the IGF-1 binding protein. 

Statistical significance was gauged by analysis of variance, which if significant (p<0.05) 
was followed by a Duncan's New Multiple Range Test to test for differences between the 
individual treatment groups. Data are presented as mean ± standard error of the mean with 8 
rats per group. 

30 (inip) b b F K-NH2 at 20 and 100 ng/day, delivered by both injection and infusion, 

induced significant body weight gain compared to vehicle treated rats. The dose-related nature 
of the body weight gains to injections of (inip) b b F K-NH2 can be seen in Figure 20. In 
contrast there were similar weight gains in response to infusions of both 20 and 100 ng/day of 
(inip) b b F K-NH2. In addition there were very different patterns of weight gain in response to 

35 infusions or injections of 100 ^ig/day of (inip) b b F K-NH2 as can be seen in Figure 21. 
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Example 43 

Combination CHRP and IGF-1 Treatment ot Qbesc ^ 

u*»S a grouping prog,™. T«km-ZDF«, TOd ,,„ -i . M " ,<>6 8™P ! '" e /8»»P 
ruroi- • - "^"M as an additional contto group. 

15 being incubated in isotonic saline overnight • T ? ? * by 

was therefore 753 „g/day & ^ ^ ***** *~ * > 

Cenentecn^c, was Led ^Z^T.^T- ™ " 
(^.g/injectio^orSOOug/day,. t0 25 ^ » d * 100 ^ ^.on given twice daiiy 

-do^^wastnenl^rsw^^ 

An incision was thenmadeon the J^^^T""^™^ 
by blunt dissection -n. subcutaneous pocket created caudally 

Dy blunt dissechon. The pumps were then inserted into the pocket with the end «f * 

delivering the solution positioned awav fro m th PUmp 
2S _ . . H M aWfl y from me mcision. All rats not receivine rhIGP i 

conta^ng puDlps Km ^ -ZT^ 

«— « .hen ax with wound clips , „. ,„ p]ared on ~£ 
ambulatory was returned to its home cage P he " 

Serum glucose was measured by standard automated procedures 
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b b F K-NH2 and IGF-1 treatment groups are shown in Figure 23. The basal blood glucose 
values plotted against rime for all the treatment groups for the entire experiment are shown in 
Figure 24 and the blood glucose responses to an intravenous insulin challenge at the end of the 
experiment are shown in Figure 25. 

5 

Example 44 

Combination GHRP and IGF-1 Treatment of Normal Rats 



Methods: Sixty normal adult female SD rats (Supplier, Charles River, 120 days of age, 

10 250 to 320 g) were group housed in a room controlled for temperature and lighting and fed a 
standard pelletted rat diet and tap water ad libitum. The rats were weighed on the day of 
surgery and randomized into 12 groups of 5/group using a grouping program. 

The GH secretogogues (GHRPs and GHRH) were dissolved in a sodium acetate (20 
mM) buffer (pH 5.0) containing mannitol (45 g/1) at 0.5 g/1. The GH secretagogues were given 

15 by sc. injection twice daily, each dose of 100 ul. Different doses of the molecules were given 
based on there potency in the IV assay (for example L-692,585 was given at 3-fold higher doses 
as it was less the least potent of the secretagogues). Recombinant human IGF-1 (rhIGF-1) at 2.5 
mg/ml in acetate buffer was loaded into osmotic minipumps (Alza, Palo Alto, model 2ML1, 
pump rate 10.16 ul/hr for 7 days, fill volume 2086 ul). Other pumps were filled with acetate 

20 buffer. The pumps were primed by being incubated in isotonic saline overnight in a 
refrigerator. The delivered dose of rhIGF-1 was therefore 610 ug/day. 

The next day the osmotic pumps were inserted into rats. To do this the rats were 
anesthetized with ketamine/xylazine (62.5 and 125 mg/kg/rat, respectively, by i.p. injection). 
The dorsal neck was then shaved, swabbed with betadine solution and cleaned with alcohol 

25 An incision was then made on the dorsal neck and the a subcutaneous pocket created caudally 
by blunt dissection. The pumps were then inserted into the pocket with the end of the pump 
delivering the solution positioned away from the incision. All rats not receiving rhIGF-1 
containing pumps were implanted with pumps delivering the acetate buffer excipient. The 
incision was then closed with wound clips, the rat placed on a heated pad and then when it 

30 was ambulatory returned to its home cage. The treatment groups were; 



1) Excipient 2 injections/d Excipient pump 

2) Excipient 2 injections/d IGF-1 Pump 

3) GHRH (300 ug/dose) 2 injections/d Excipient pump 
35 4) GHRH (300 ug/dose) 2 injections/d IGF-1 pump 

5) GHRP-6 (50 ug/dose) 2 injections/d Excipient pump 

6) GHRP-6 (50 ug/dose) 2 injections/d IGF-1 pump 

7) (inip) b b F-NH2 (50 ug/dose) 2 injections/d Excipient pump 
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WHAT IS CLAIMED IS: 

1. A compound represented by structural Formula (I) 

.Ar 1 



10 



30 



35 



S b 

A-|-B-f-C 
a L2 

N Ar2 



where 



A is selected from the group 
O S 
Jj ^ II 

R A N R A R a^n^ 
15 rb r b rB rA^cT rA^S' 

' ' * 

**Y V- *'V "*V" 

O O O o o 

' ' , 

20 OH O 

R*^V R^V R*-V Rt O A N' 
R B R B R B rb 

' ' / 

CN 

25 r a\^ 

and RB ; 

B is selected from the group 

R c R c R c 





R B 




0 

K 
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R B 



V- V- Jf t 

' ' # / 

O R c R c 

v^Jk vjA. 

R c OH CN \/ 0 S V ^ S \ 
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R c 

Y v Nn 
o n 

, and Ci-Qalkyl substituted with ° 
B may optionally be selected from the gr 0up 
a covalent bond, and 
Ci-C3alkyl, 
whenL 2 is-N(RC)^j. 
C is selected from the group 

Ar 3 

1 X 
hydrogen. Ar2 ,D-Y,and C E " Z . 
D is selected from the group 

15 8 f. 0 

-V A- 

R° rD 
OH CN 



20 



and 



30 



R° 

R D rD » 



R D rD ^s 0 / M 



O 



25 ° O RD rD 



R D 



A. 



N 

Cl-Qalkyl substituted with R ° 
E is selected from the group 

? E R E R E 



Y Av V- V- ? E 



35 
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R E R E 



OH CN \^ S V. \^ S « 



R E 



Ci-C6alkyl substituted with ° ; 
Ar 1 and Ar 2 are each independently selected from 
indoyl substituted with (R 4 )n, 

W < R \and 



20 ^(R 5 ) 0 



and Ar 2 are independently be selected from 
hydrogen, and 
Ci-Cealkyl; 

when R B or R c are L^Ar 1 or l^-Ar 2 ; 
Ar 3 is selected from the group 

^(R 5 ) 0 , 

, and 

Ar^ is selected from 

hydrogen, and 

Ci-Cgalkyl; 
whenR D isL 3 -Ar 3 ; 

Ar 1 together with a, Ar 2 together with b and Ar 3 together with c , each 
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pair together with the carbon to which they are attached may 
independently form a 5 or 6 member carbocyclic ring; 
a, b and c are independently selected from 
hydrogen, and 
5 Ci-Cgalkyi; 

n and o are independently 1, 2 or 3, 
L 1 is selected from 

-CH2-0-, 

-CH2-CH2-O 
10 -CH2-, 

-CH2-CH 2 -,and 
-CH2-CH2-CH2-; 
L2 and L3 are independently selected from 
a covalent bond, 
15 -O-, 

-o-ch 2 -, 

-N(RC)^ ^ 
O, 

Q is selected from the group 
20 -IA, 

-S(=0)2-L2-, 

-c(=oy, 

-Q=0>-0-, 
-CH(XKand 
25 -CHP()-CH2-; 

R A is selected from the group 

C^lkyl-heterocycle where the heterocyde compnses a mono-, bl - or 
tncycle containing 5-12 ring atoms, one or two of which are 
heteroatoms selected from O, S, and N, provided at least one 

heteroatomisHwhereanyNatomisoptionaUy substituted with 

Co-Qalkyl subsdtuted with one or two substituents selected from 
the group 
NR 2 R3 

35 imidazolinyl, 

pyridinyl, 

dihydropyridinyl, and 
piperidinyl; 



30 
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and are selected from the group 
R A , 
Ll-Arl, 
iZ-Ar* 
hydrogen, 
Ci-Cealkyl.and 
halo(F, a, Br, I)Ci-C6alkyl; 
R A and R B together with the N to which they are bonded may form a 5- or 
6-member heterocyde, optionally containing one additional hetero 
atom selected from O, S, and N where any N is optionally 
substituted with R 1 , any carbon is optionally substituted with R 6 
and where the heterocyde is optionally fused to a phenyl ring, 
optionally substituted with R 4 ; 
R 1 is selected from 
15 hydrogen, 
Ci-Qalkyl, 
C(=0)-Cl-C6alkyl 
C(=0)-NR 2 R 3 , 
C(=NR 2 )-NR2r3 
20 C(=0)OCi-C6alkyl, 

halo(F, CI, Br, I)Ci-C6alkyl, and 
C2-C6alkyl substituted with 1-3 hydroxy! groups; 
R 2 and R 3 are independently selected from 
R J ,and 

25 piperidinyl; 

R 2 and R 3 together with the N to which they are bonded may form a 5- or 

6-member heterocyde, optionally containing one additional hetero 

atom selected from O, S, and N where any N is optionally 

substituted with R 1 , any carbon is optionally substituted with R 6 
30 and where the heterocyde is optionally fused to a phenyl ring, 

optionally substituted with R 4 ; 
R 4 and R^ are independently selected from the group 

hydrogen, 

halo(F, CI, Br, and I), 
35 cyano, 

amino, 

amido, 
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nitro, 
hydroxy, 

Cl-C6allcyl optionally substituted with 1-3 R^ 
C2-C6alkynyl optionally substituted with 1-3 R6 
5 Ci-C6alk y loxy optionally substituted with 1-3 r6 

Ci<^cylainino optionally substituted with 1-3 R* 
Ci-Qalkylcarbonyl optionally substituted with 1-3 R*, 
Ci-Qalkyloxycarbonyl optionally substituted with 1-3 r6 

W ci^acyiynu« optionally substituted with 1- 

10 3R6 

N-(Ci-C6alkyl)carboxamido optionally substituted with 1-3 r6 

N,NKU(C(K^alkyl)aniino optionally substituted with 1-3 R 6, ' 

N^di^-CsalkyOcartexamido optionally substituted with l-3 
R 6 , 

15 c l-Qperfluoroalkyl, and 

C l-C3perfluoroalkoxy; 
R 6 is selected from the group 
COOR2 
0<00)r2 

20 CONR2R3 

cyano, 
NR 2 R 3 , 
NR2cOR3 
azido, 

25 nitro, and 

hydroxy; 
R 7 is selected from the group 
R« 

Q-Cioaryl optionally substituted with 
30 halo(F,Cl,Br,andI), 

cyano, 
amino, 
amido, 
nitro, 

35 hydroxy, 

Ci-Qperfluoroalkyl, and 
Cl-C3perfluoroalkoxy; 
X is selected from the group 
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hydrogen, 

Ci-C^alkyl optionally substituted with 1-3 R 6 , and 
Ci-C6acyl optionally substituted with a group selected from 



L 2 -Ar* 
R A , and 
R 6 ; 



Y is selected from the group 

-(00)-RA 

Ci-Qalkyl substituted with 1-2 R 7 
C2-C6alkynyl optionally substituted with 1-2R 7 
C2-Qalkyenyl optionally substituted with 1-2 R 7 and 
Ci-C6alkyloxy optionally substituted with 1-2 R 7 , 

Y and R D together with the N to which they are bonded may form a 5- or 

6-member heterocycle, optionally containing one additional hetero 
atom selected from O, S, and N where any N is optionally 
substituted with R 1 , any carbon is optionally substituted with R 7 
and where the heterocycle is optionally fused to a phenyl ring; 

Z is selected from the group 

Ci-C6alkyl substituted with 1-2 R 7 
C2-Qalkynyl optionally substituted with 1-2R 7 
C2-C6*lkyeny] optionally substituted with 1-2 R 7 
Ci-Qalkyloxy optionally substituted with 1-2 R 7 and 
piperidinyl; and 

pharmaceutical^ acceptable salts thereof. 

2. The compound of Claim 1 represented by Formula II 




II 



where 

Ar* and Ar 2 are each independently selected from 
indoyl, 
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35 



,and 




n and o are independently 1, 2 or 3; 
L 1 is selected from 



-CH2-0-, 

-CH2-CH2-O- 
-CH2% 

-CH2-CH2-- and 
-CH2-CH2-CH2-; 
L 2 is selected from 

a covalent bond, 
-O-, 

-OCH 2 -,and 
Lh 

R A is selected from the group 
Cb-C3alkyl-heterocycle / 
<>Q)-C3alkyI-heterocycle, and 
NR 2 -C2-C6alkyl -heterocyde, 

25 WherC hetCTOC y cle emprises a mono-, bi-, or tricycle 

containing 5-12 ring atoms, one or two of which are 
heteroatoms selected from O, S, and N, provided at least one 
heteroatom is N, where any N atom is optionally 
substituted with Rl, 
Co-Cealkyl substituted with one or two substituents, 
O-Q-Qalkyl substituted with one or two substituents, and 
NR -C 2 -C6alkyl substituted with one or two substituents 

where the substituents are selected from the group 
NR2R3 V P 

imidazolinyl, 
pyridinyl, 

dihydropyridinyl, and 
piperidinyl; 
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R B and R c are selected from the group 
hydrogen, 

Ci-C6alkyl optionally substituted with a group selected from 
NR 2 R 3 , and 

5 phenyl-Q-C3-NR 2 R 3 
halo(F, a Br, I)Ci-C6alkyl; 
is selected from 
hydrogen, 
Ci-C6alkyl, 

10 C(=OKl-C6alkyl, 
C(=0)-NR2 R 3 

C(=Nr2>-Nr2r3 

C(=0)OCi-C6alkyl, 

halo(F, a Br, I)Q-C6alkyl, and 

15 Ci-C6alkyl substituted with 1-3 hydroxyl groups; 

and R 3 are independently selected from 

Ci-C6alkyl-NH2, 
Q -Chalky 1-heterocyde, 
Ci-C6alkyl-NH-Ci-C6alkyl, 
20 Ci-C6alkyl-N^di-Ci-C6alkyl), 
R x ,and 
piperidinyl; 

R 2 and R 3 together with the N to which they are bonded may form a 5- or 6-member 
heterocyde, optionally containing one additional hetero atom selected from O, S, and N where 
25 any N is optionally substituted with R 1 , any carbon is optionally substituted with R* and 
where the heterocycle is optionally fused to a phenyl ring, optionally substituted with R 4 ; 
R 4 and R 5 are independently selected from the group 
hydrogen, 

haIo(F,Cl,Br,andI), 
30 cyano, 
amino, 
amido, 
nitro, 
hydroxy, 

35 Ci-Cealkyl optionally substituted with 1-3 R 6 , 

Q-C^alkynyl optionally substituted with 1-3 R 6 , 
Ci-C6alkyloxy optionally substituted with 1-3 R 6 , 
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Cl-Qacylamino optionally substituted with 1-3 R* 
Ci<^alkylcarbonyl optionally substituted with 1-3 R* 
Ci-C^alkyloxycarbonyl optionally substituted with 1-3 R* 

N <^<^WC l <^cyl) an i no0 ptio n slly substituted with 1- 
3R6 



N-fCj-Qalkyl^oxamido ^ti^ted with 1-3 R* 

N^i(Co^al^l)amino optionally substituted with 1-3 R6 
NJM-dKd-CealkyDcaAo^^ substituted ' 

R 6 , 

10 c l-Qperfluoroalkyl,and 
Ci-C3perfluoroalkoxy; 
R 6 is selected from the group 
COOR2 
CONR2R3 

15 cyano, 
NR 2 R3 
NR2COR3 
azido, 
nitro, and 

20 hydroxy; 

X is selected from the group 
hydrogen, 
oxo(=0), 
COOR2 

25 CONR2R3 

QrCealkyl-OCi-Cealkyl optionally substituted with 1-2 R* and 
Ci-C6alkyl optionaUy substituted with 1-2 R*; and 
pharmaceutically acceptable salts thereof. 



30 3. 



Hie compound of Claim 1 represented by Formula Ha-IIg 



Ar 1 

O ( R C 

A J A V 

Ar* 

Ila 
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where 

Arl and Ar2 are each independently selected from 
indoyl. 



n and o are independently 1, 2 or 3; 

pis 0,1, or 2; 

L 2 is selected from 

a covalent bond, 
15 -O, 

-0-CH 2 -, 
-CH2-O, 

-CH 2 -CH 2 -0- 
-CH 2 -, 

20 -CH 2 -CH 2 -,and 
-CH2-CH2-CH2-; 
RB 311(1 rC w selected from the group 
hydrogen, 

Cl-Cgalkyl optionally substituted with a group selected from 
25 NR2 R 3 

and 

phenyl<: 1 <:3.NR2 R 3 md 

halo(F,Cl,Br,I)C]<^alkyl; 
R 1 is selected from 

hydrogen, 
30 Ci-Qalkyl, 

C(=OK:i-C6alkyl, 

C(=0)-Nr2r3 

C(=NR2).NR2 R 3 

C(=OX>Ci-C6alkyl,and 
35 hal o(F.Cl,Br,I)Ci-C6alkyl; 

R 2 and R 3 are independently selected from 
hydrogen, 
Ci-C6alkyl, 
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piperidinyl, and 
halo(F, CI, Br, I)Ci-C6alkyl; 
R 2 and R 3 together with the nitrogen to which they are attached may form 
a optionally mono- or di-substituted ring selected from 
5 piperidinyl, 
pyrroylidinyl, 
pyrryl, 
imidazolyl, 
piperazinyl, and 
10 morpholinyl 

where the substituents are selected from Ci-C3alkyl; 
R 4 and R^ are independently selected from the group 
hydrogen, 

halo(F,Cl,Br,andI), 
15 cyano, 
amino, 
amido, 
nitro, 
hydroxy, 

20 Ci-C6alkyl optionally substituted with 1-3 R 6 , 

C2-Cealkynyl optionally substituted with 1-3 R 6 , 

Cj-C^alkyloxy optionally substituted with 1-3 R 6 , 

Ci-Ceacylamino optionally substituted with 1-3 R 6 , 

Ci-C6alkyicarbonyl optionally substituted with 1-3 R 6 , 
25 Ci-C6alkyloxycarbonyl optionally substituted with 1-3 R 6 , 

N-fCi^^alkylJWCi-CeacylJarnino optionally substituted with 1- 

3R 6 , 

N-(Ci-C6alkyl)carboxamido optionally substituted with 1-3 R 6 , 
NJNJ-cti(Co<^Ucyl)aniino optionally substituted with 1-3 R 6 , 
30 NJsJ-di(Ci-C6alkyl)carboxamido optionally substituted with 1-3 

R* 

Ci-Qperfluoroalkyl, and 
C\ -C3perfluoroalkoxy; 
is selected from the group 
35 COOR 2 , 

CONR 2 R 3 , 

cyano, 

NR 2 R 3 
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nrScors 

azido, 
nitro, and 
hydroxy; 

5 Q is selected from the group 

-L2-, 

-S(=0)2-L2-. 
-C(=Oh 

10 -CHpCKand 

-CH(XKH 2 -; 

X is selected from the group 
hydrogen, 
oxo(=0), 
15 COOR2, 
CONR2R3 

QK6alkyl-OCl-C6alky] optionally substituted with 1-2 R* and 
Ci-C6alkyl optionally substituted with 1-2 R6; and 
pharmaceutically acceptable salts thereof. 



20 



4. 



25 



30 



The compound of Claim 3 represented by structural Formula (Ha) 

O / R c 

Ha 

where 

Ar 1 and Ar 2 are each independently selected from 
indoyl, and 




35 



R B and R c are selected from the group 
hydrogen, and 
methyl; 
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Rl is selected from 
hydrogen, 
Q-Cealkyl, 
C(=0)-C 1 -C 6 alkyl, 
5 C(=0)-NR 2 R 3 , 
C(=NR 2 )-NR2R3 

C(=0)OCi-C6alkyland 

halo(F, a Br, I)Ci-C6alkyl; 
R 2 and R3 are independently selected from 
10 hydrogen, 

Ci-Qalkyl, 

piperidinyl, and 

halo(F, a, Br, I)Ci-C6alkyl; 
R2 and R3 together with the nitrogen to which they are attached may form 
15 piperidinyl, 

pyrroylidinyl, 

piperazinyl, and 

morpholinyl; 
R6 is selected from the group 
20 COOR 2 , 

CONR 2 R 3 , 

cyano, 

NR 2 R 3 , 

NR^OR 3 
25 azido, 

nitro, and 

hydroxy; 
X is selected from the group 

hydrogen, 

30 oxo(=0), 
COOR 2 
CONR 2 R 3 

Co-C6alkylOCi-C6alkyl optionally substituted with 1-2 R 6 , and 
Ci-C6alkyl optionally substituted with 1-2 R 6 ; and 
35 pharmaceutically acceptable salts thereof. 

5. The compound of Claim 2 selected from the group 
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10 



15 



and 




! i it CT 



pharmaceutically acceptable salts thereof. 



1 o 




20 



25 



6. The compound of Claim 1 represented by structural Formula (III) 

Ar 1 

O ^ f O 

ra^nVyV y 

i- ° i« BP 

Ar 2 



\ 



where 



III 



Ar* and Ar^ are each independently selected from 
indoyl, 



30 



, and 



35 



* V) 0 . 

n and o are independently 1, 2 or 3; 

L 1 and are independently selected from 
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-CH2-O, 
-CH2-CH2-O- 
-CH 2 -. 

-CH2-CH2-, and 
-CH2-CH2-CH2-; 
R A is selected from the group 

Co^alkyl-heterocycle where the heterocyde comprises a mono-, 
bi-, or tricycle containing 5-12 ring atoms, one or two of 
which are heteroatoms selected from O, S, and N, provided 
at least one heteroatom is N, where any N atom is optionally 
substituted with R 1 , 
QK6aIkyl substituted with one or two subsntuents selected from 
the group 
NR 2 R3, and 

15 imidazolinyl, 

pyridinyl, 

dihydropyridinyl, and 
pipedinyl; 

R B , R c and RD are selected from the group 
20 hydrogen, 

Ci-Qalkyl optionally substituted with a group selected from 
NR 2 R3,and 
phenyl-Ci-C 3 -NR2R3, 

and 

halo(F,Cl,Br,I)Ci-C6alkyl; 
25 R 1 is selected from 

hydrogen, 
Ci-C6alkyl, 
C(=0)-C 1 -C 6 alkyl, 
C(=0)-NR2r3 
30 C(=Nr2)-nr2 r 3 

C(=0)0-Ci-C6alkyl, and 
halo(F, CI, Br, I)Ci-C6alkyl; 
R 2 and R 3 are independently selected from 
hydrogen, 
35 Ci-C6alkyl, 

piperidinyl, and 
halo(F, CI, Br, I)Ci-C6alkyl; 
R2 and R3 together with the N to which they are bonded may form a 5- or 
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6-member heterocyde, optionally containing one additional hetero 
atom selected from O, S, and N where any N is optionally 
substituted with R*, any carbon is optionally substituted with R 6 
and where the heterocycle is optionally fused to a phenyl ring, 
5 optionally substituted with R 4 ; 

R 4 and R 5 are independently selected from the group 
hydrogen, 
halo(F, Br, and I), 
cyano, 

2Q amino, 
amido, 
nitro, 
hydroxy, 

Ci-C^alkyl optionally substituted with 1-3 R 6 , 
15 C2-C6alkynyl optionally substituted with 1-3 R 6 , 

Ci-Qalkyloxy optionally substituted with 1-3 R 6 , 
Ci-C^acylamino optionally substituted with 1-3 R 6 , 
C i -Chalky lcarbonyl optionally substituted with 1-3 R 6 , 
Ci-C^alkyloxycarbonyl optionally substituted with 1-3 R 6 , 
20 N-(Ci<^alkyl)^-(Ci-C6ac7l)amino optionally substituted with 1- 

3R 6 , 

N-(Ci-C6alkyl)carboxamido optionally substituted with 1-3 R 6 , 
NjNJ-di(Cn-C6alkyl)amino optionally substituted with 1-3 R 6 , 
N,N-di(Ci-C$alkyl)carboxamido optionally substituted with 1-3 

25 r6 < 

Ci-C4perfluoroalkyl, and 

Ci-C3perfluoroalkoxy; 
R^ is selected from the group 
COOR 2 

30 CONR 2 R 3 , 
cyano, 
NR 2 R 3 , 
NR^OR 3 , 
azido, 

35 nitro, and 

hydroxy; 
R^ is selected from the group 
R 6 , and 
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C6-Cl0ary] optionally substituted with 

nalo(F,a,Br,andI), 
cyano, 

amino, 

5 amido, 

nitro, 
hydroxy, 

Ci-Qperfluoroalkyl, and 
c l-C3perfluoroalkoxy; 
10 Yis selected from the group 

Q-Qalkyl substituted with 1-2 R?, 
C 2 -C6alkynyl optionally substituted with 1-2R? 
C 2 -C6alkyenyl optionalJy substituted with 1-2 R7 ^ 
Ci-C6alkyloxy optionaUy substituted with 1-2 R7 ^ 
15 pharmaceutically acceptable salts thereof. 




35 
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5 

where 



10 



15 




n and o are independently 1, 2 or 3; 
R B , R c and R D are selected from the group 
hydrogen, 

Ci-C6alkyl optionally substituted with a group selected from 
NR 2 R 3 , and 

phenyl-Q -Ca-NR 2 R 3 , and 

halo(F, CI, Br, I)Ci-C6alkyl; 
Rl is selected from 

hydrogen, 

Ci-C6alkyl, 

C<=0)-Ci-Qalkyl, 

C(=0)-NR 2 R 3 , 

C(=NR 2 )-NR 2 R 3 , 

C(=0)OCi-C6alkyl, and 

halo(F, CI, Br, I)Ci-C6alkyl; 
R 2 and R 3 are selected from 

hydrogen, 

Ci-Cealkyl, 

piperidinyl, and 
halo(F, Q, Br, I)Ci-C6alkyl; 
R 2 and R 3 together with the N to which they are bonded may form a 5- or 
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^member heterocyde, optionally containing one additional hetero 
atom selected from O, S, and N where any N is optionally 
substituted with Rl, any carbon is optionally substituted with R 7 
and where the heterocyde is optionally fused to a phenyl ring, 
5 optionally substituted with R 4 ; 

R 4 and R5 are independently selected from the group 
hydrogen, 
halo(F,Cl, Br, and I), 
cyano, 

10 amino, 
amido, 
nitro, 
hydroxy, 

Ci-Qperfluoroalkyl, and 

15 Q-C3perfluoroalkoxy; 

R 7 is selected from the group 
COOR2 
CONR2r3, 
cyano, 

20 NR 2 R 3 , 

NR2cor3 
azido, 
nitro, 
hydroxy, 

25 Q-ClOaryl optionally substituted with 

halo(F, Br, and I), 
cyano, 
amino, 
amido, 

30 nitro, 

hydroxy, 

Ci-Qperfluoroalkyl, and 
Ci-C3perfluoroalkoxy; 
Y is selected from the group 
35 Q-Qalkyl substituted with 1-2 R 7 , 

C2-C£alkynyl optionally substituted with 1-2R 7 
C2-Cealkyenyl optionally substituted with 1-2 R 7 
Q-Qalkyloxy optionally substituted with 1-2 R 7 and 
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10 



30 



35 



piperidinyl; and 
pharmaceutically acceptable salts thereof. 

9. The compound of Claim 8 represented by structural Formula (Ilia) 




Ilia 



where 

Ar 1 and Ar 2 are each independently selected from 
indoyl, and 

15 >*~^S 



R**, rC and FP are selected from the group 
20 hydrogen, 
Ci-C^alkyl 

C6-Cioaryl-Ci-C6alkyl and 
halo(F, Q, Br, DCi-Qalkyl; 
R* is selected from 
^ hydrogen, 
C!-C6alkyl 

C(=0)OCi-C6alkyl and 
halo(F, Br, I)Ci-C6alkyl; 
R 2 and R 3 are selected from 
hydrogen, 
Ci-C6alkyl, 
piperidinyl, and 
halo(F, CI, Br, IJCi-Qalkyl; 
R 2 and R 3 together with the nitrogen to which they are attached may form 
an optionally mono- or di-substituted ring selected from 
piperidinyl, 
pyrroylidinyl, 
pyrryl, 
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imidazolyl, 
piperazinyl, and 
morpholinyl 

where the substituents are selected from Cj-C^kyl; 
5 R 7 is selected from the group 

COOR2 
CONR2R3 
cyano, 

10 NR^COR^ 
azido, 
nitro, 

hydroxy, and 

C6-Cioaryl optionally substituted with 
35 h alo(F,Cl,Br,andI), 

cyano, 

amino, 
amido, 
nitro, 

20 hydroxy, 

Ci-Qperfluoroalkyl, and 
Cl -C3perfluoroalkoxy; 
Vis selected from the group 

Cl-C6alkyl substituted with 1-2 R 7 , 



25 



30 



35 

10. 



C2-C6alkynyl optionally substituted with 1-2R? 
C 2 -C6alkyenyl optionally substituted with 1-2 R? 
Cl-Cealkyloxy optionaUy substituted with 1-2 R? md 
piperidinyl; 

VandRD togemerwimAeNtowW ^ Aeyarebondedinayforai ^^ 

6-memberheterocyde.optionallycontainingoneadditional hetero 
atom selected from O, S, and N where any N is optionally 

substituted with Rl, any carbon is optionaUy substituted with R? 
and wheretheheterocycleisoptionaUyfused to a phenyl ring,- and 
pharmaceutical^ acceptable salts thereof. 

The compound of Claim 9 selected from the group 
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compound of Claim 1 represented by structural Formula (IV) 
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where 

At 1 and Ar 2 are each independently selected from 
indoyl, 




(R 3 )o . 

Ar3 

is selected from the group 




25 

n and o are independently 1, 2 or 3; 

RA is selected from the group 

Co-C3alkyl-heterocyde where the heterocycle comprises a mono-, 
bi-, or tricycle containing 5-12 ring atoms, one or two of 
30 which are heteroatoms selected from O, S, and N, provided 

at least one heteroatom is N, where any N atom is 
optionally substituted with R 1 , 
Q)-C6alkyl substituted with one or two substituents selected from 
the group 
35 NR 2 R 3 , 

imidazolinyl, 
pyridinyl, 
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dihydropyridinyl, and 
piperidinyl; 

R B , R C , RD and RE are selected from the group 
hydrogen, 

5 C,<6dkyl optionally substituted with a group selected from 

NR 2 R 3 , and 
phenyl-Ci-C3-NR2R3 

and 

halo^aBrJJd-Cealkyl; 
R 1 is selected from 
10 hydrogen, 
Ci-C6alkyl, 
C(=0)-C 1 ^ 6a lk y i / 
C(=0)-NR2r3 
C(=NR2).nr2 r 3 
15 C^OOC^^yl, and 

halo(F,Cl, Br,I)Ci-C^alkyl; 
R 2 and R 3 are independently selected from 
hydrogen, 
Cl-Cealkyl, 
20 piperidinyl, and 

halcK^aBrJJCi-CsaJkyl; 
R 2 and R3 together with the N to which they are bonded may form a 5- or 
6-member heterocycle, optionally containing one additional hetero 
atom selected from O, S, and N where any N is optionally 
substituted with Rl, any carbon is optionally substituted with R* 
and where the heterocycle is optionally fused to a phenyl ring, 
optionally substituted with R 4 , 
R 4 and R 5 are independently selected from the group 
hydrogen, 

30 halo(F, Q, Br, and I), 

cyano, 
amino, 
amido, 
nitro, 

35 hydroxy, 

Ci-C6aikyl optionally substituted with 1-3 R* 
C2-C6alkynyl optionally substituted with 1-3 r6, 
Cj-Cealkyloxy optionally substituted with 1-3 R6 
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Q-Qacylamino optionally substituted with 1-3 R 6 , 

Ci-C^alkylcarbonyl optionaUy substituted with 1-3 R 6 , 

Ci-Qalkyloxycarbonyl optionally substituted with 1-3 R* 

N-(Ci<^alkyl)JsJ-(Ci<^cyl)amino optionally substituted with 1- 
3R* 

N-(Ci-Cfalkyl)carboxainido optionally substituted with 1-3 R 6 , 
NJsI-di(Co<^alkyl)amino optionally substituted with 1-3 R* 
N^-di(Ci<^aU^l)carboxamido optionally substituted with 1-3 
R 6 , 

Ci-Qperfluoroalkyl, and 
Cl-C3perfluoroalkoxy; 
R 6 is selected from the group 
COOR 2 , 
CONR 2 R3 
0(C=0)R2 
cyano, 
NR 2 R3 
NR^OR 3 , 
azido, 
nitro, and 
hydroxy; 
R 7 is selected from the group 
R 6 ,and 

C6-Cioaryl optionally substituted with 
halo(F, Br, and I), 
cyano, 
amino, 
amido, 
nitro, 
hydroxy, 

Ci-Qperfluoroalkyl, and 

Gl -C3perfluoroalkoxy; 
2 is selected from the group 

Ci-Qalkyl substituted with 1-2 R 7 
C2-C6alkynyl optionally substituted with 1-2R 7 
C2-C6alkyenyl optionally substituted with 1-2 R 7 and 
Ci-Qalkyloxy optionally substituted with 1-2 R 7 
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Z and RE together with the N to which they are bonded may form a 5- or 
6-member heterocycle, optionally containing one additional hetero 
atom selected from O, S, and N where any N is optionally 
substituted with Rl. any carbon is optionally substituted with R7 
and where the heterocycle is optionally fused to a phenyl ring; and 

pharmaceutical^ acceptable salts thereof. 
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35 
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10 




, and 



15 



pharmaceutical^ acceptable salts thereof 



;and 



13. The compound of Claim 11 represented by structural Formula (IVa) 



20 




O I « 



25 where 



IVa 



J group 



30 



35 



R B , R c , R D and are selected from the j 
hydrogen, and 
Ci-C6alkyl; 

Ar 1 and Ar 2 are each independently selected from 
indoyl, and 

- V"\ 
\_) 

Ar 3 is selected from the group 
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,and 



5 




R F is selected from the group 



10 



OH, 

Q-Qalkyloxy, 
NR 5 R 6 , and 

1 to 4 ct-amino acid residues; 



is selected from 



hydrogen, 

halo(F, CI Br, and I), 

cyano, 

amino, 

amido, 

nitro, 

hydroxy, 

Ci-C4alkoxy, 

Ci-Qperfluoroalkyl, and 

Ci-C3perfluoroalkoxy; 
R 5 and R 6 are independently selected from 

hydrogen, and 

Q-Cfcalkyl; and 
pharmaceutical^ acceptable salts thereof. 

The compound of Claim 13 selected from the group 



30 




35 



-181- 



WO 96/15148 



PCT/US95/14968 




-182- 



WO 96/15148 



PCI7US95/14968 




phannaceuticaUy acceptable salts thereof. 

10 

15. The compound of Claim 1 represented by Formula V 

Ar 1 

R B 1 L' O 

is a r' n Y^n xJI y x 

° R c ^ 
R Ar 2 

v 

where 

20 Ar 1 and Ar 2 are each independently selected from 

indoyl, 

25 >^ 

n and o are are independently 1, 2 or 3; 
30 L 1 is selected from 

-CH2-O-, 
-CH2-CH2-O- 
-CH 2 -, 

-CH2-CH2-,and 
35 -CH2-CH2-CH2-; 
L 2 is selected from 

a covalent bond, 
-O, 

-183- 



\and 
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-OCH2-, and 

R A is selected from the group 

Co-C3alkyl-heterocycle where the heterocycle comprises a mono-, 
5 bi-, or tricycle containing 5-12 ring atoms, one or two of 

which are heteroatoms selected from O, S, and N, provided 
at least one heteroatom is N, where any N atom is 
optionally substituted with R*, 
QKealkyl substituted with one or two substituents selected from 
the group 
NR 2 R 3 ,and 
imidazolinyl, 
pyridinyl, 

dihydropyridinyl, and 
15 pipedinyl; 

R B and R c are selected from the group 
hydrogen, 

Cl-Cfialkyl optionally substituted with a group selected from 
NR 2 R3,and 

20 Phenyl-Ci-C 3 -NR2R3 ^ 

halo(F, a. Br, I)Ci-C6alkyl; 
R A and RB together with me N fo ^ ^ ^ ^ ^ ^ ^ ^ 

6-member heterocycle. optionally containing one additional hetero 
atom selected from O, S. and N where any N is optionally 

substituted with Rl, any carbon is optionally substituted with R* 
and where the heterocycle is optionally fused to a phenyl ring, 
optionally substituted with R 4 ; 
R 1 is selected from 
hydrogen, 
30 Ci-Cgalkyl, 

C(=0)-C 1 -C 6 alkyl, 
C(=0)-NR2 R 3 
C(=Nr2)-NR2r3 
C(=0)0-Ci-C6alkyl, and 

35 halo(F,Cl,Br,I)Ci-C6alkyl; 

R 2 and R 3 are independently selected from 
R 1 , 

hydrogen, 



25 
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Ci-C6alkyJ, 

piperidinyl, and 

halo(F, Br, IXTi-C^alkyl; 

R 2 and R 3 together with the N to which they are bonded may form a 5- or 
6-member heterocyde, optionally containing one additional hetero 
atom selected from O, S, and N where any N is optionally 
substituted with R 1 , any carbon is optionally substituted with R 6 
and where die heterocyde is optionally fused to a phenyl ring, 
optionally substituted with R 4 ; 

R 4 and R 5 are independently selected from the group 
hydrogen, 

halo(F, CI, Br, and I), 

cyano, 

amino, 

amido, 

nitro, 

hydroxy, 

Ci-C6alkyl optionally substituted with 1-3 R 6 , 
C2-C6alkynyl optionally substituted with 1-3 R 6 , 
Ci-C6alkyloxy optionally substituted with 1-3 R 6 , 
Ci-C^acylamino optionally substiruted with 1-3 R 6 , 
Q-C^alkylcarbonyl optionaUy substituted with 1-3 R 6 , 
Ci-C6alkyloxycarbonyl optionally substituted with 1-3 R 6 , 
N -(Ci<^alkyI)>J-{Ci-C6ac7l)amino optionally substituted with 1- 
3R 6 , 

N-(Ci-C6alkyl)carboxamido optionally substiruted with 1-3 R 6 , 
N,N-di(Co<^alkyl)amino optionally substituted with 1-3 R 6 , 
N,N-di(Ci-C6alkyl)carboxamido optionally substiruted with 1-3 
R 6 , 

Ci-C4perfluoroalkyl, and 
Ci-C3perfluoroalkoxy; 
R^ is selected from the group 
COOR 2 , 
CONR 2 R 3 , 
cyano, 
NR 2 R 3 , 
NR2cOR 3 , 
azido, 
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10 



15 



20 



25 



30 



nitro, and 
hydroxy; 
X is selected from the group 
hydrogen, 
COOR2 

Q)-C6aJkyl-NR2R3 

QK^lkyKKrj-Qalkyl optionally substituted with 1-2 R6 «, 
Ci-C6alkyl optionally substituted with 1-2 R6; and 
pharmeceuticaUy acceptable salts thereof. 



16. The compound of Claim 15 selected from the 




group 



o H I o 





o H 






35 



HjN HQ. 
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25 



30 



T ! 9 H f^NH 





H = O Me 



o H 







pharmaceutical^ acceptable salts thereof. 



, and 



17. 



A pharmaceutical composition comprising a pharmaceutically 
35 the compound of Claim 1. 



acceptable excipient and 
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18. A method for increasing the level of endogenous growth hormone in a mammal 
comprising administering to the mammal a pharmaceutical^ effective amount of the 
composition of Claim 17 to the mammal. 

19. The method of Claim 18 further comprising administering the composition in 
combination with a growth factor selected from the group; growth hormone (GH), growth 
hormone releasing hormone (GHRH), insulin like growth factor-1 (IGF-1), and insulin like 
growth factor-2 (IGF-2). 

20. A method for treating Type II diabetes in a mammal in need of such treatment 
comprising administering to the mammal a pharmaceutically effective amount of the 
composition of Claim 17 to the mammal. 
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